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ADVERTISEMENT I. 
ART of the enſuing Diſcourſe about Light was written at the 
deſire of ſome | | Gentlemen of the Royal Society, in the year 


1675, and then ſent to their Secretary, and * 75 their Meet- 
ings, andthe 2 ag Nd. Abholer 0 V1 12 * fi 60 complete 
the Theory; except the Third Book, and the laft Propofition of the 
Second, which were ſince put together out of ſcattered Papers. To 
avoid being engaged i in Diſputes about theſe. matters; I have 80% 
70 delayetl the printing, and ſbould fill þ bave, Segen it, had not t 

importunity of Friends prevailed. upon me. Tf any . other . 
writ on this ſulject are got out of my hands, they are imer; 1 

2vere perhaps woritten be ore 7 had. ir ied all the Experiments. here y 
dron, and fully ſatisfied myſelf about the Laws of Refractions: and. 
Compuſitiom of Colours. I have bere publiſhed what I think proper 


„ * & % * 


70 come abroad, wwibing that it may not be tranſlated into another 
language without my conſent. : 

The Crowns of Colours, which ſometimes appear about the Sun 
and Moon, I have endeavoured to give an account of ; but for want 
F ſufficient Obſervations leave that matter to be farther examined. 
The ſubject of the Third Book I have alſo left imperfect, not having 
tried all the Experiments which I intended when I was about theſe 
matters, nor repeated ſome of thoſe which I did try, until I bad ſa- 
tisfied myſelf about all their circumſtances. To communicate what 
I have tried, and leave the ref} to others for farther enquiry, is all 
my deſign in publiſhing theſe papers. 

In a Letter written to Mr. Leibnitz in the year 167 9, , and pub- 
liſhed by Dr. Wallis, I mentioned a method by which I had found 
ſome general Theorems about ſquaring Curvilinear Figures, or com- 
paring them with the Conic Sections, or other the ſimpleſt Figures 
with which they may be compared. And ſome years ago ] lent out 


a Manuſcript containing ſuch Theorems ; and having ſince met with 
Jome things copied out of it, I have on thi» occaſion made it public, 


Prefixing to it an Introduction, and ſubjoining a Scholium con- 
cerning that method. And I have joined with it another ſmall Tract 
concerning the Curvilinear Figures of the Second Kind, which was 


alſo wwritten many years ago, and made known to ſome friends, who 
have ſolicited the making it publick, J. N. 


* I, 1704. 


N 
65 


Belonging to the fubject. And at the end 0 F the Third Book I have 
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theſe Opticks I have omitted the Mathe- 
 matical rack 22 at the end of the former Edition, as not 


added ſome And to fhew that I do not take Gravity for 
roperty of Bodies, I have added one Queſtion concern- 
ing its Cauſe, chuſing to propoſe it by way of a 2ve/tion, becauſe I 


am not yet ſatisfied about it for want of Experiments. | 
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July 16, 1717. 
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well ſucceſſive in the ſame lines, as contemporary in ſeveral lines. | 
For it is manifeſt that Light conſiſts of parts both Succeſſive and 
Contemporary; 


caufe in the ſame place you may ſtop that : | 
which comes one moment, and let paſs that which comes pre- | 
ſently after; and in the ſame time you may ſtop it in any one 


: 


een Place, 


6 


Derini- 
110RS. 


* . 
DP dn | ; 


7 9 Mm Boo I. 
place, and let it paſs in any other. For that part of Light 
which is ſtopt cannot be. the lame with that which is let paſs. 
The leaſt Light, 'or "part of Lig t, *which may be ſtopt alone 
without the reſt of the ry or propagated alone, or do or 
ſuffer any thing alone, which the reſt of the Light doth not or 
ſuffers not, I call a Ray of Light. 


DEFIN. ;. 


; Refi ung uh of tbe Rays of Light, is their di 50 ton to be re- 
fracted or turned out of their way, in paſſing out of one tranſpa- 
rent Body, or, Medium, into another. And a greater or leſs Refran- 


gibility of Rays, 1s their diſpoſition to be turned more or leſs out of 


their way in like incidences on the ſame Medium. Mathematicians 
uſually conſider the Rays of Light to be lines reaching from the 


luminous body to the body illuminated ; and the refraction of 


thoſe Rays to be the bending or breaking of thoſe lines in their 
paſſing out of one Medium into another. And thus may Rays 
and Refractions be conſidered, if Light be propagated in an in- 
fant. But, by an argument taken from. the Aquations of the 
times of the Eclipſes of Jupiter's Salelliles, it ſeems. that Light 
18 propagated in time, ſpending in its s paſſage from the Sun to 
us about ſeven minutes of time: and therefore I have choſen to 


define Rays and Refractions in ſuch, | rr terms. as may agus 


10 Lightay in both caſes. 


DE FIN. Il. 


Reflexibility of Rays, 7s their diſpoſition to be reflecied or turned 
back into the ſame Medium from any other Medium, upon whoſe ſur- 
face they fall, And Rays are more or leſs reflexible, which are 
turned back more or leſs eaſily. As if Light paſs out of Glaſs 
into Air, and, by being inclined more and more to the common 
ſurface of the Glaſs and Air, begins at length to be totally re- 
flected by that ſurface; thole ſorts of Rays which, at like inci- 
dences, are reflected moſt copiouſly, or by inclining the Rays 
begin ſooneſt to be totally reflected, are moſt weine | 
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The Angle of Incidence is that Angle, which the "Pp  deſeribed by 


the incident Ray contains with the Perpendicular to be "refe@hg or - 


refracting ſurface at the point of Incidence. 


D E FI N. V. 
The Angle of Reflexion or Refradtion, is ths Angie which the line 


deſcribed by the reflected. or refracted Ray containeth with the Per- 
pendicular to the reflecting 0 or n 2 ar the: point of 


TIncidence:. 


D E F I N. VI. ; 


The Sines of Incidence, Reflexion; and Refraclion, are the Sines 


of the Angles of-- Incidence, Raban, and nnn 


D E FIN. . „ 


The Li be whoſe Rays are all. alike Refran gible, I call Simple, 
Homogeneal and Similar ; and that whoſe Rays. are ſome more Re- 


The former Light I call Homogeneal, not becauſe I would af- 


'frangible than others, TI BY Compound, Hetero ogeneal and. Digi mar. 


firm it ſo in all reſpects; - but becauſe the Rays, Which a grée in 


Refrangibility, agree at leaſt in all thoſe . fo properties, | 


which I confider in the following Diſcqurſs.” on 8 
T3 Re PINES > ; I 11 2 1 $2343 


Fd 


5 E FI N. vnt. 
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D 


De Colours of Ho 7102 gen eal | Lights, I call Primary, Homogeneal | 


Compound. "Yor theſe are alway con 1 Le = the colours of 
ONLY Lights; of well . in the following Diſcourſe. 
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D E FI N. IV. Dzrivi- 


TIONS, 


8 lien.. e 
| | e AS > 


The Angles of Reflexion, and Re fraction, lie in one ny the Jame 
Plane with ibe Angle of Incidence. 


A * u, 
The —_- of Refiexion is equal to the Angle of Incidence. 


k A X. III. 


77 tbe refracted Ray be turned directly back 10 the Point of Inci- 


dence, it ſhall be refracted into the Line before deſcr ied by the 
in cideni Ray. 


„ "2X 7 Iv? 
Refradiion out of the rarer Medium into the denſer, is made towards 
the Perpendicular ; that is, ſo that the Angle of Refragion be 
leſs than the Angle of I. ucidence. 


. 


The Sine of Incidence i is either accurately or very nearly in a given 
Fatio to the Sine of Reſraclion. 


Whence if that proportion be known in any one e inclination 
of the incident Ray, it is known in all the inclinations, and 
thereby the Refraction, in all caſes of incidence on the ſame re- 
fracting body, may be determined. Thus if the Refraction be 
made out of Air into Water, the ſine of Incidence of the Red 
Light is to the ſine of its Refraction as 4 to 3. If out of Air 
into Glaſs, the Sines are as 17 to 11. In Light of other Co- 


lours the ſines have other proportions : : but the difference i is ſo 
little that it need ſeldom be conſidered. 


Suppoſe, therefore, that Rs [in As. 1.1 repreſents the surface 
of ſtagnating Water, and that © is the point of Incidence, in 
which any Ray, coming in the Air from a in the Line ac, is re- 
flected or refracted; and I would know whither this Ray ſhall 
go after Reflexion or Refraction: I erect upon the ſurface of 
the Water, from the point of Incidence, the Perpendicular cp, 


and produce it downwards to Q, and n by the firſt Axi- 
{ 24. BY: I 
7 . =. 


— 0 


om, 


Fir II. 0 F T 1 d s 


om, that the Ray after Reflexion and Refraction, ſhall be found azous. 


ſomewhere in the Plane of the Angle of Incidence ace produ- 
ced. I let fall therefore upon the Perpendicular, op, the ſine of 
Incidence AD; and if the reflected Ray be deſired, I produce ap 
to B, ſo that ps be equal to AD, and draw CB. For this Line 
e ſhall be the reflected Ray; the angle of Reflexion Bo and 
its ſine BD being equal to the angle and fine of Incidence, as they 
ought to be by the ſecond Axiom. But if the refracted Ray be 
deſired, I produce AD to H, ſo that DA may be to AD as the ſine 
of Refraction to the fine of Incidence, that is (if the Light be 
red) as 3 to 4 and about the Center C, and in the Plane Ace, 
with the Radius ca deſcribing a Circle ABE, I draw parallel to 
the Perpendicular o, the Line HRE cutting the Circumference 
in k, and joining CE, this line c ſhall be the line of the Re- 
fracted Ray. For if Er be let fall perpendicularly on the line PQ, 
this line Er ſhall be the ſine of Refraction of the Ray CE, the an- 
gle of Refraction being Exc; and this ſine EF is equal to DH, and 
conſequently in proportion to the ſine of Incidence Ap as 3 to 4. 
In like manner, if —_ be a Priſm of Glaſs (that is, a Glaſs 
bounded with two equal and parallel triangular ends, and three 
plain and well poliſhed fides, which meet in three parallel lines 
running from the three angles of one end to the three angles of 
the other end) and if the Refraction of the. Light in paſſing croſs 
this Priſm be deſired : let acs [in ig. 2.] repreſent a plane cut- 
ting this Priſm tranſverſly to its three parallel lines, or edges, there 
where the Light paſſeth through it; and let px be the Ray inci- 
dent upon the firſt ſide of the priſm ac, where the Light goes 
into the glaſs; and by putting the proportion of the ſine of In- 
cidence to the ſine of Refraction as 17 to 11, find EF the firſt 
refracted Ray. Then taking this Ray for the incident Ray upon 
the ſecond ſide of the Glaſs, Bc, where the Light goes out, find 
the next refracted Ray ro, by putting the proportion of the 
ſine of Incidence to the ſine of Refraction as It to 17. For if 
the ſine of Incidence out of Air into Glaſs be to the ſine of Re- 
fraction as 17 to 1 1, the ſine of Incidence out of Glaſs into Air 
muſt on the contrary be to the ſine of Refraction as II to I 75 
by the third Axiom. n 


„„ 8 


S— — 


10 O. PFI G. S. Book I. 

Axiome Much after the ſame manner, if acsp [in fg. 3. ] repreſent a 

Glaſs ſpherically convex on both ſides (uſually called a Lene, ſuch 

as is a Burning-glaſs, or Spectacle-glaſs, or an Object-glaſs of a 

Teleſcope). and it be required to know how Light falling upon 

it from any lucid point & ſhall be refracted; let o repreſent a 

| - Ray falling upon any point M of its firſt ſpherical ſurface acs, 

1 an by erecting a perpendicular to the Glaſs at the point vu, find 

=_ e the firſt refracted Ray, MN, by the proportion of the ſines 17 to 

11. Let that Ray in going out of the Glaſs be incident upon 

| N, and then find the ſecond refracted Ray, Ng, by the proportion 

jo | of the ſines 12 to 17. And after the fame manner may the Re- 

fl fraction be found, when the Lens is convex on one ſide and plane 
or concave om the other, or concave on both ſides. : 
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1 Homogeneal Rays which flow from ſeveral points of any Objed, and 

| fall perpendicularly, or almojt perpendicularly, on any refletin g or 

5 : refratting plane or ſpherical Surface, ſball afterwards diverge 

| from ſo many otber paints, or be parallel to ſo: many other lines, 

or converge to ſo many other points, either acourately or without 

any ſenfible error. And the ſame thiug will bappen, if the Rays 

E be reflected or refracted ſucceſſively by two or three or more plane 
or ſpherical Surfaces. . 44 rd 


The point from which Rays diverge, or to which they con- | x N 
verge, may be called their Focus, And the Focus of the inci- Wo 
dent Rays being given, that of the reflected or refracted ones = 


A. 


(*) Imacime that rays, emitted from the point , fall upon the 1 
ſpherical ſurface at a, and are reflected to 3, and join Ea. Then: = 
the angles EaQ,, E will be equal; and of conſequence ag. wil = 
be to Eg as oa to Ag, And this analogy willfubſiſt, wherever in — 
the reflecting furface the point A be placed. Let a tlierefore ap- — 
proach to c; and in the evaneſcence of the arc ca, n becomes: | 
ultimately equal to og, and qa to gc.. Therefore ag is-ultimate-- 
ly to qe as ak as EB. In c produced take qs equal to Qt, and 
from c cut off ce equal to £g. Then ſince QC is to 0 as as to 
9E; the ſum of ag and ax, that is, cn, will be to the ſum of 0 = 
and gx,.that is, to Ec, as C to gc. (Elem, v. 12.) Alfo the diffe- | 
rence of qc and ag, that is E, will be to the difference of gc and ge, that is to eg, as qc to 4. = [ 
Therefore cr is to Ec as Ec to eq (Elem. v. 11.) and of confequence 4 cn to IEG Or ET, as Ixcor „ 
ET to 316 But cx is equal to twice r together with twice Ea. Therefore 1 d. is J cn, and Tq . 
is Jeg. Therefore 1d, TE, Tg, ultimately when a coincides with c, are continually proportional, —- 


— * 


Hence the truth of the Newtonian conſtruction is manifeſt. 
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may be found by finding the Refraction of any two Nays, 18 Axront, 
above; or more readily thus, 
+ . Caf. 1. Let acs {in ig. 4.] be a reflecting or refracting e, 
and Q the Focus of the incident Rays, and Q qc a perpendicu- 
lar to the plane. And if this perpendicular be produced to 9, 
ſo that qc be equal to Qc, the point , ſhall be the Focus of the 
reflected Rays. Or if gc be taken on the ſame fide of the Plane 
with qe, and in proportion to as the ſine of Incidence to the 
ſine of Refraction, the point ꝙ ſhall be the Focus of the refrac- 
ted Rays. 
Caſ. 2. Let ACB Tin fie. 5. be the reflecting ſurface of any 
sphere whoſe center is E. Biſect any radius thereof (ſuppoſe 
EC) in r, and if in that radius, on the ſame fide the point 7, 
you take the points C and 9, ſo that TQ, Tx, and 19, be conti- 
nual proportionals, and the point Q be the Focus of the incident 
Rays, the point 9 ſhall be the Focus of the reflected ones (®): 
Caſ. 3. Let acs [in g. 6.] be the refracting ſurface of any 
Sphere whole center is E. In any radius thereof, xc, produced 
both ways take ET and cr equal to one another, and ſeverally in 
ſuch proportion to that radius, as the leſſer of the ſines of Inci- 
dence and Retraction hath to the difference of thoſe fines. And 
TY then if in the ſame line you find any two points Q and q, ſo that 
Jem to / ET as Ef to 1%, taking 7q the contrary way from 7 which 
. from T, and if the point Q be the Focus of any inci- 


dent * the point 9 ſhall be the Focus of the refracted 
ones (b). 


* 


(> TMAGINE rays, emitted from Q, to fall upon the ſpherical ſurface at a, and to be refracted : 
to q, and join EA, Then is qQAz the angle of Incidence, and gaz the angle of Refraction. Let 
1 denote the fine of the former, x that of the latter. Now in the triangle AE, qa is to QE as 
the fine of E to 1. By permutation QA is to the ſine of E as ax to I, or as the rectangle Qt E 
to the rectangle 1xqz. Again in the triangle gat, the fine of E is to R as ga to 9E. By pers 
mutation the fine of E is to ga as x to ge, or as the rectangle x x to the rectangle JE x M. 
But fince Q is to the ſine of E as Qzxgttoixge; and the fine of E to ya as x * to QE X gFs - 


Therefore (ex æquo perturbatè) 
is to A as R Xx a to IX 2E. But 
becauſe TE is to Ec as I toR—1, 
therefore, inverting and compound- 
ing, TC is to TE as R to 1. There- f 
fore R X ME: IX JE = TC X E: 
TE N E; and : A = TC XX E: 
TE X ge. And this analogy will obtain, wherever in the refracting ſurface the point A be 
E * A therefore approach to c ; and ſince in the evaneſcence of the arc ca, QM and 24 


8 3 | become 


4 
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\x10us And by the ſame means the Focus of che Rays after two or 
more Reflexions or Refractions may be found. 
Caſ. 4. Let ACBD [in Ag. 7. ] be any refracting Lens, ſpheri- 
cally convex, or concave, or — on either fide; and let co be 
its axis (that is the line which cuts both its ſurfaces perpendicu- 
larly, and paſſes through the centers of the ſpheres) and in this 
Axis produced let F and F be the Foci of the refracted Rays found 
as above, when the incident Rays on both ſides the Lens are pa- 
rallel to theſame Axis; and upon the diameter F/, biſected in x, 
deſcribe a circle. Suppoſe now that any point q be the Focus of 
any incident Rays. Draw @ex cutting the ſaid circle in T and 2, 
and therein take 29 in ſuch proportion to ZE, as TE or TE hath to 
10. Let 7q lie the contrary way from 7 which ra doth from r, 
and 9 ſhall be the Focus of the refracted Rays, without any ſen- 
ſible error; provided the point Q be not ſo remote from the Axis, 
nor the Lens ſo broad, as to make any of the Rays fall too ob- 
Hquely on the refracting ſurfaces. 
And by the like operations may the reflecting or refracting ſur- 
faces be found, when the two Foci are given; and thereby a Lens 
be formed, which ſhall make the Rays flow towards or from 
what place you pleaſe (c). : 

So then the meaning of this Axiom is, that if Rays fall upon 
any plane or ſpherical ſurface or lens, and before their incidence 
flow from or towards any point q, they ſhall after Reflexion or 
Refraction low from or towards the point q found by the fore- 
going rules. And if the incident rays flow from or towards ſe- 
veral points Q, the reflected or refracted rays ſhall flow from or 
towards io many other points q found by the ſame rules. Whe⸗ 
ther the reflected or refracted rays flow from or towards the point 
is eaſily known. by the ſituation of that point. For if that 
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become ultimately equal to qe and 
gc; therefore ultimately, when & 
coincides with e, ag: e g re x: 
| TE XE. Fherefore the point be- 
4 3 | | ing given, 9 will be determined, by 
. 8 ＋ 17 e 7 taking c of ſuch length, that * 

may bear to ge a proportion com- 
pounded of the proportion of a to 9, and the given proportion of, 1 t TE: But this is 
effected by the Newtonian Conſtruction. For Tg, being. to . or its equal, ct, as Er, or its 


equal 
1 


©. LATER 
* 
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point be on the ſame ſide of the reflecting or refracting ſurface Axion. 
or lens with the point d, and the incident rays flow from the 

point Q, the reflected flow towards the point q, and the refracted 


from it; and if the incident rays flow towards Q, the reflected 


flow from 9, and the refracted towards it. And the contrary 
Happens when 91s on the other ſide of that ſurface. 


A X. VII. 


Wherever the rays, which come from all the points of any Object, 
meet again in ſo many points, after they have been made 10 con- 

verge by reflexion or refraction, there they will make q Picture of 
tbe object upon any white body on which. they fall. 


So if ex ſin Fg. 3.] repreſent any Object without doors, and * 
AB be a lens placed at a hole in the window-ſhut of a dark cham- 
ber, whereby the rays that come from any point Q of that ob- 
ject are made to converge and meet again in the point 9; and if 
a ſheet of white paper be held at 9 for the light there to fall up- 


on it: the Picture of that Object, ys, will appear upon the paper 


in its proper ſhape and colours. For as the light which comes 
from the point Q goes to the point 3, ſo the light which comes 
from other points, p and R, of the object, will go to ſo many other 
correſpondent points p and 7 (as is manifeſt by the ſixth Axiom); 
fo that every point of the Object ſhall illuminate: a correſpondent 
point of the Picture; and thereby make a Picture like the Ob- 


ject in ſhape and colour, this only excepted, that the picture ſhall 


be inverted. And this is the reaſon of that vulgar experiment: 
of caſting the ſpecies of objects from abroad upon a wall or ſheet. 
of white paper in a dark room. 12 8 

In a like manner, when a man views any object pax [in g. 8.] 


equal or to j; by conſequence Taq, and er together, that is ac, will bear to ot and z9 toge- 
ther, that is to qc, the proportion of Tc to 2. (Elem. v. 12.) But Tc bears to ũ the proportion: 
eompounded of the proportions of rc to TE, and Tz to 29. And the proportion of TE to 1% is 
the ſame which at bears to ge, For ſince q is to TE as E? to tq, by compoſition Q: Ti =9 : gt. 


And by permutation dg: E = TE : z. Therefore the proportion of Te to 1, being compound- 


ed of the proportions of rc to TE and Te to rg, is compounded of the proportions of 1c to rx, 
and QE to ge. Therefore the proportion of ag to gc, being the ſame with that of Tc to 42, as 
hath been ſhewn, is compounded of theſe ſame proportions... Whence the truth of Newton's. 
Conſtruction is manifeſt, | 


(ö Vide Lect, Opt. Part I. Sed. rv. Prop. XXIX, XX. XXII, XXXIII. 


the 
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Cavsz os the light, which comes from the ſeveral points of the object, is 
8 8 ſo refracted by. the tranſparent ſkins and humours of the Eye, 
(that is by the outward coat EFG called the Tunica Cornea, and 
by the cryſtalline humour AB. which. is beyond the pupil mh) 
as to converge and meet again at fo many points in the bottom 
of the Eye, and there to paint the Picture of the Object upon 
that ſkin (called the Tunica Retina) with which the bottom of 
the eye is covered. For Anatomiſts, when they have taken off 
from the bottom of the eye that outward and moſt thick coat 
called the Dura Mater, can then ſee, through the thinner coats, 
the pictures of objects lively painted, thereon. And theſe pic- 
tures propagated by motion along the fibres of the Optick Nerves 
into the brain, are the cauſe of Viſion. For accordingly as theſe 
pictures are perfect or imperfect, the object is ſeen perfecty or 
. imperfectly. If the eye be tinged with any colour (as in the 
diſeaſe of the Jaundiſe) ſo as to tinge the pictures in the bottom 
of the eye with that colour, then all objects appear tinged with 
i the ſame colour. If the humours of the eye by old age decay, 
ſo as by ſhrinking to make the cornea and coat of the cryſtalline 
humour grow flatter than before, the light will not be refracted 
enough; and, for want of a ſufficient refraction, will not converge 
to the bottom of the eye, but to ſome place beyond it; and by con- 
ſequence paint in the bottom of the eye a confuſed picture, and 
according to the indiſtinctneſs of this Picture the Object will ap- 
pear confuſed. This is the reaſon of the decay of fight in old 
men, and ſhews why their ſight is mended by ſpectacles. For 
thoſe convex glaſſes ſupply the defect of plumpneſs in the eye, 
and, by encreaſing the refraction, make the rays converge ſooner, 
ſo as to convene diſtinctly at the bottom of the eye, if the Glaſs 
have a due degree of convexity. And the contrary happens in 
ſhort-{ighted men, whoſe eyes are too plump. For the refrac- 
tion being now too great, the rays converge and convene in the 
: eyes before they come at the bottom; and therefore the picture 
made in the bottom, and the viſion cauſed thereby, will not be 
diſtinct, unleſs the object be brought ſo near the eye, as that the 
place where the converging rays convene may be removed to the 
vottam ; ; Or that the plumpneſs of the eye be taken off, and the 


; | re fractions 
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cavity; or, laſtly, that by age the eye grow flatter till it come 
to a due figure: for ſhort- ſighted men fee remote objects beſt 


A X. vn. 


in falling on the Spectator's Eye. 
If the Object a Lin Ag. . be ſeen by Reflexion of a Looking-- 


glaſs zun, it ſhall appear, not in its proper place x, but behind 


the glaſs at ; from whence any rays AB, Ac, AD, which flow 
from one and the ſame point of the object, do, after their re- 
flexion made in the points B, c, D, diverge in going from the 
glafs to E, F, G, where they are incident on the ſpectator's eyes. 
For theſe rays do make the ſame picture in the bottom of the 
eyes, as if they had come from the object really placed at a, 
without the interpoſition of the looking-glaſs; and all Viſion 1s: 
made according to the place and ſhape of that picture. 

In like manner the Object p [in Ag. 2. ] ſeen through a Priſm,, 
appears not in its proper place p, but is thence tranſlated to ſome 
other place d, ſituated in the laſt refracted ray, ye, drawn back- 
ward from F to d. 

And fo the Object Q [in Ag. 10. ] ſeen through the Lens AB, 
appears at the place 9, from whence: the rays diverge in paſling, 
from the lens to the eye. Now it is to be noted, that the Image: 


at Q, as the diſtance of the image at 9, from the lens AB, is big-- 
ger or leſs than the diſtance: of the object at Q from the ſame: 
lens. And if the Object be ſeen through two or more ſuch con- 
vex or concave-glafſes, every Glaſs ſhall make a new Image, and 
the Object ſhall appear in the place and of the bigneſs of the laſt. 
Image. Which conſideration unfolds the Theory of Microſcopes. 
and Teleſcopes. For that Theory conſiſts in almoſt nothing elſe, 


any 


refractions diminiſhed by a concave glaſs of a due degree of con- Mons. 


in old age, and therefore _—_ are accounted to have the moſt” 
| laſtung eyes. 


An Objec7 ſeen by Reflexion or Refrachan, appears in that . from: 
whence the rays, after their laſt reflexion or refradlion, diverge*- 


of the object, at q, is ſo much bigger or lefler than the Object itſelf: 


than the deſcribing ſuch. glaſſes, as ſhall make the laſt Image of 
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PROPOSITION S. 


Pp RO P. I. T H E O R. I. 
Lights which difer in Colour, differ alſo in degrees of Refrangibility. 


* The Proof by Experiments. 


Exper. 1. 1 1 a black oblong ſtiff paper terminated by pa- pay _ 
rallel ſides, and, with a perpendicular right line drawn croſs from _ 
one fide to the other, diſtinguiſhed it into two equal parts. one " 
of theſe parts I painted with a Red colour, and the other with a 
Blue. The paper was very black, and the colours intenſe and 
| thickly laid on, that the phenomenon might be more conſpicu- 
ous. This paper I viewed through a Priſm of ſolid Glaſs, whoſe 
two ſides, through which the light paſſed to the eye, were plane 
and well poliſhed, and contained an angle of about ſixty degrees : 
which angle I call the Refracting Angle of the Priſm. And 
whilſt I viewed it, I held it and the priſm before a window, in 
ſuch manner that the ſides of the paper were parallel to the 
priſm, and both thoſe ſides and the priſm were parallel to the ho- 
rizon, and the croſs line was alſo parallel to it: and that the 
light, which fell from the Window upon the paper, made an an- 
gle with the paper, equal to that angle which was made with the 
{ame paper by the light reflected from it to the Eye. Beyond 
the priſm was the wall of the chamber, under the window, co- 
vered over with black cloth; and the cloth was involved in dark- 
neſs, that no light might be reflected from thence, which in 
paſſing by the edges of the paper to the eye, might mingle it- 
felf with the light of the paper, and obſcure the phænomenon 
thereof. Theſe things being thus ordered, I found that if the 


Refracting Angle of the Priſm be turned upwards, ſo that the 
Vol. IV. | C Papzr 
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Lights differ- Paper may ſeem to be lifted upwards by the refraction, its Blue 


ing in Colour half will be lifted higher by the refraction than its Red half. 


But if the Refracting Angle of the Priſm be turned downward, 
ſo that the paper may ſeem to be carried lower by the refraction, 
its Blue half will be carried ſomething lower thereby than its 
Red half. Wherefore, in both caſes, the Light, which comes 
from the Blue half of the paper through the priſm to the eye, 
does, in like circumſtances, fuffer .a greater refraction than the 
Light which comes from the Red half, and by Ones: is 
more Refrangible. 

Nluftration. In the cat Sgure, 1 MN repreſents the Win- 
dow, and DE the paper terminated with parallel ſides, Dj and HE, 
and by the tranſverſe line ro diſtinguiſhed into two halts : the 


one, bo, of an intenſely Blue colour, the other, Fx, of an in- 


tenſely Red. And zaccab repreſents the priſm, whoſe Refrac- 


ing Planes, AB and Acca, meet in the edge of the Refracting 


Angle aa. This edge aa being upward, is parallel both to the 
horizon and to the parallel edges of the paper, .Dj and HR; and 
the tranſverſe line FG is perpendicular to the plane of the win- 


dow : and de repreſents the Image of the paper ſeen by refrac- 


tion upwards, in ſuch manner that the Blue half, De, is carried 
higher to dg than the Red half Fk is to fe, and therefore ſuffers 
a greater refraction. If the edge of the Refracting Angle be 
turned downward, the Image of the paper will be refracted 


downward, ſuppoſe to de; and the Blue half will be refracted | 


lower to 95 than the Red half is to ge. = 


Exper. 2. About the aforeſaid paper, whoſe two halfs were 
painted over with Red and Blue, and which was ſtiff like thin 


 Paſte-board, I lapped ſeveral times a ſlender thread of very black 


filk ; in ſuch manner, that the ſeveral parts of the thread might 
appear upon the colours, like ſo many black lines drawn over 
them, or like long and ſlender dark ſhadows caſt upon them. 
I might have drawn black lines with a pen, but the threads were 
ſmaller and better defined. This paper, thus coloured and lined, 
I ſet againſt a wall perpendicularly to the horizon, . ſo that one of 
the colours might ſtand to the right h hand, and the other to the 


left, 
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left. Cloſe before the paper, at the confine of the colours be- ihe | in 1 
| low, I placed a candle, to illuminate the paper ſtrongly: for the TE 
experiment was tried in the night. The flame of the candle 
reached up to the lower edge of the paper, or a very little high- 
er, Then, at the diſtance of ſix feet and two or three inches 
from the paper, upon the floor I erected a glaſs lens four inches 
and a quarter broad, which might collect the rays coming from 
the ſeveral points of the paper, and make them converge towards 
ſo many other points, at the ſame diſtance of ſix feet and one or 
two inches on the other ſide of the lens; and ſo form the Image 
of the coloured paper upon a white paper placed there; after the 
ſame manner that a lens at a hole in a window caſts the Images of 
Objects abroad upon a ſheet of white paper in a dark room. The 
aforeſaid white paper, erected perpendicular to the horizon and 
to the rays which fell upon it from the lens, I moved ſometimes 
towards the lens, ſometimes from it, to' find the places where 
the images of the Blue and Red parts of the coloured paper ap- 
peared moſt diſtinct. Thoſe places I eaſily knew by the images 
of the black lines, which 1 had made by winding the filk about 
the paper. For the images of thoſe fine and flender lines 
(which by reaſon of their blackneſs were like ſhadows on the 
colours) were confuſed and ſcarce viſible, unleſs when the colours 
on either ſide of each line were terminated moſt diſtinctly. No- 
ting therefore, as diligently as I could, the places where the images 
of the Red and Blue halfs of the coloured paper appeared moſt 
diſtin, I found, that where the Red half of the paper appear- 
ed diſtin, the Blue half appeared confuſed ; ſo that the black | 
lines drawn upon it could ſcarce be ſeen; and on the contrary, 
where the Blue half appeared moſt diſtinct, the Red half appear- 
ed confuſed, ſo that the black lines upon it were ſcarce viſible, 
And baun een the two 4 ern een Ln images ren dif- 


Half of che coloured paper een moſt diſtinct, being ee 
by an inch and an half than the diſtance of the ſame white pa- 
per from the lens, when the image of the Blue half * appgared 

0 2 moſt 


dd . Boer 1. 
Ligbts differ- moſt dſtinct. In like Incidences therefore of the Blue and Red 


der 1 Re. upon the lens, the Blue Was refracted more by the lens than the 
fravgibility. Red, ſo as to converge ſooner by an inch and a half, and there- 
fore is more Refrangible. | 
Ilyfiration. In the twelfth figure, DE ſi gnifies the coloured 
paper, DG the Blue half, FE the Red half, MN the lens, EH] the | 
white paper in that place where the Red half with its black lines 
appeared diſtinct, and i the ſame paper in that place where the 
Blue half appeared diſtinct. The place hi was nearer to the lens 
MN, than the place HJ, by an inch and an half. | 
Scholium. The ſame things ſucceed, notwithſtanding 1 that Tome 
of the circumſtances be varied: as in the firſt Experiment, when 
the priſm and paper are any ways inclined to the horizon, and 
in both when coloured lights are drawn upon very black paper. 
But in the deſcription of theſe experiments, I have ſet down ſuch 
circumſtances, by which either the phznomenon might be ren- 


= 7 


or by ien I did try — only. 'T be fame thing I have often 
done in the following Experiments : : concerning all which this 
one admonition may ſuffice. Now from theſe Experiments it 


follows not, that all the li ght of the Blue is more refran gible | 
than all the light of the Red: for both lights are mixed of rays 1 
differently refrangible, ſo that in the Red there are ſome rays 1 
not leſs refrangible than thoſe of the Blue, and in the Blue there Is 
are ſome rays not more refrangible than thoſe of the Red : but .* 
theſe rays, in proportion to the whole light, are but fe w, and ſerve — 
to diminiſh the event of the Experiment, but are not able to 1 
deſtroy it. For if the Red and Blue colours were more dilute 1 
and weak, the diſtance of the Images would be leſs than an inch '3 
and a half; and if they were more intenſe and full, that diſtance : T7 


would be greater, as will appear hereafter. Theſe Experiments 
may ſuffice for the Colours of Natural Bodies, For in the Co- 
lours made by the Refraction of Priſms this Propoſi ition will ap- 


pear, by the Experiments which are now to follow in the next 
s Propoſition... | 
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PROP. u. . ro. 
9, be 2 of tbe Sun conf of rays ferent ne 10 


n The Proof 4 Experiments. 
"appr. 3. In a very dark chamber, at a round hole, abotit Tur Svx's 


- one-third part of an inch broad, made in the ſhut of a window, 2 
I placed a glaſs Priſm, whereby the beam of the ſun's _— 
which came in at the hole, might be refracted upwards toward 
the oppoſite wall of the chamber, and there form a coloured 
Image of the ſun. The axis of the priſm (that is, the line paf- 
ſing through the middle of the priſm from one erid of it to the 
other end parallel to the edge of the refracting angle) was in this 
and the following Experiments perpendicular to the Incident Rays. 
About this axis I turned the priſm flow ly, and ſaw the refracted 
light on the wall, or coloured image of the ſun, firſt to deſcend, | 
and then to aſcend. Between the deſcent and afcent; when the 
image ſeemed ſtationary, I ſtopped the priſm, and fixed it in that 
poſture; that it ſhould be moved no more. For in that poſture 
the refractions of the light at the two ſides of tlie refracting an- 
gle, that is at the entrance of the rays into the priſm, and at 
their going out of it, were equal to one another (d). 80 alſo in 
other Experiments, as often as I would have the'Tefraftions on 
both ' ſides the priſtn to 'be equal to one another, I noted ie 5 
place, where the image of the ſun, formed by the refracted | 
light, ſtood ſtill between its two contrary motions, in the com 
mon period of its progreſs a and regreſs - and when the i image fell 
Upon that place, made faſt the priſm. And in this Poſtute, 
as the moſt convenient, it is to be underſtood that all tlie priftns 
are placed in the following Experiments, unleſs w here ſome other 
Poſture is deſcribed. The priſm therefore being placed in. this . 
1 I let the refracted light fall perpendicula arty. upon. a 
ect of white paper at the oppoſite wall of the chamber, ad 
obſerved the figure and. dimenſions of the Solar image forthed on | 
1 200 Vid. Led, Opt. Part I. 8 4 — Prop. XXV and xxvL, 


22 


Tur Sun's the paper by that light. This image was oblong and not oval, 


Licar 


but on its ends very confuſedly and indiſtinctly, the light there 


hue being + of an inch, as before. And becauſo it is eaſy to 
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but terminated with two rectilinear and parallel ſides, and two 
ſemicircular ends. On its ſides it was bounded pretty diſtinctly, 


decaying and vaniſhing by degrees. The Breadth of this image 
anſwered to the ſun's diameter, and was about two inches and 
the eighth part of an inch, including the penumbra. For the 
image was eighteen feet and an half diſtant from the priſm, and 
at this diſtance that breadth, if diminiſhed by the diameter of 
the hole in the window-ſhut, that is by a quarter of an inch, 
ſubtended an angle at the priſm of about half a degree, which 
is the ſun's apparent diameter. But the. Length of the image 
was about ten inches and a quarter, and the length of the recti- 
linear ſides about eight inches; and the refracting angle of the 
priſm, whereby ſo great a length was made, was 64 degrees. 
With a leſs angle the Length of the image was leſs, the Breadth 
remaining the ſame. If the priſm was turned about its axis, 
that way which made the rays emerge more obliquely out of the 
ſecond refracting ſurface of the priſm, the image ſoon became 
an inch or two longer, or more; and if the priſm was turned 
about the contrary way, ſo as to make the rays fall more ob- 
liquely on the firſt refracting ſurface, the image ſoon became an 
inch or two ſhorter. And therefore in trying this experiment, 
I was as curious as I could be in placing the priſm, by the above- 
mentioned rule, exactly in ſuch a poſture, that the refractions 
of the rays, at their emergence out of the priſm, might be e- 
qual to that at their incidence on it. The priſm had ſome veins 
running along, within the glaſs, from one end to the other, 
which ſcattered ſome of the ſun's light irregularly, but had no 
ſenſible effect in increaſing the length of the coloured ſpectrum. 
For I tried the ſame experiment with two other priſms with the 
fame ſucceſs, And particularly with a priſm which ſeemed free 
from ſuch veins, and whoſe refraciing angle was 62; degrees, I 
found the length of the image 93 or 10 inches at the diſtance of 
187 feet from the priſm, the breadth of the hole in the window- 
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PART I. 0 TEC & 
commit a miſtake in placing the priſm in its due poſture, I re- A Con- 


peated the experiment four or five times, and always found the 
length of the image that which is ſet down above. With an- 
other priſm, of clearer glaſs and better poliſh, which ſeemed free 


POUND, 


from veins, and whoſe refracting angle was 63+ degrees, the 
length of this image, at the fame- diſtance of 18; feet, was alſo 


arg to inches, or 103. Beyond theſe meaſures, for about a 
2 or + of an inch, at either-end of the ſpectrum, the light of 


the Clouds ſeemed to be a little tinged with Red and Violet; but 


ſo very faintly, that I ſuſpected that tincture might either whol- 
ly, or in great meaſure, ariſe from ſome rays of the ſpectrum 


ſcattered irregularly by ſome inequalities in the ſubſtance and po- 
liſh of the glaſs, and therefore I did not include it in theſe mea- 
ſures. Now the different magnitude of the hole in the window- - 


ſhut, and different thickneſs of the priſm, where the rays paſſed . 
through it, and different inclinations of the priſm to the hori- 


zon, made no ſenſible changes in the Length of the image. Nei- 
ther did the different matter of the priſms make any : for in a 


veſſel made of poliſhed plates of glaſs, cemented together in the 
| ſhape of a priſm and filled with water, there is the like ſucceſs - 


i 


of the experiment according to the quantity of the. refraction. . 
It is farther to be obſerved, that the rays went on in right lines 
from the priſm to the image; and therefore at 8 very going. 
out of the priſm had all that inclination to one another from 
which the length of the image proceeded, that is the inclination 5 


of more than two degrees and an half. And yet according to 


the Laws of Optics vulgarly received, they could not poſſibly be 


ſo much inclined to one another. For let EG cin /ig. 13. ] repre- 
ſent the window-ſhut, F the hole made therein, through which 
a beam of the ſun's light was tranſmitted into the darkned cham- 
ber, and ARC a triangular imaginary plane, whereby the priſm 
is feigned to be cut tranſverſly through the middle of the light. 


Or if you pleaſe, let anc repreſent the priſm itſelf, looking di- 


rectly towards the ſpectator's eye with its nearer end: and let xx 


be the ſun, MN the paper upon which the ſolar image or ſpec- 


trum is caſt, and pr the image itſelf; whoſe ſides, towards v and 
d, are rectilinear and Paralles, and ends, towards v and v ſemi- 


circular. 


** 5 > 
„ 
24 


Tux Sun's Circular. 


Licar 


before; 
ſun's diameter. 
one another before refraction. 
pr would, by the rules of vulgar Optics, ſubtend an angle of 


it would be, were the 


OP T '1 Ce 8. 

VR and x1JT are two rays; the firſt of which comes 
from the lower part of the ſun to the higher part of the image, 
and is refracted in the priſm at x and H; and the latter comes 
from the higher part of the ſun to the lower part of the image, 
and is refracted at L and J. Since the refractions on both ſides 
the priſm are equal to one another, that is the refraction at k 
equal to the refraction at j, and the refraction at L equal to the 
refraction at H, ſo that the refractions of the incident rays at k 
and L taken together are equal to the refractions of the emer- 
gent rays at H and j taken together: it follows, by adding equal 
things to equal things, that the refractions at « and H taken to- 
gether, are equal to the refractions at j and L taken together; 
and therefore the two rays, being equally refracted, have the 
ſame inclination to one another after refraction, which they had 
that is the inclination of half a degree anſwering to the 
For ſo great was the inclination of the rays to 
So then, the Length of the image 


half a degree at the priſm, and by conſequence be equal to the 
brendtrow; ; andtherefore/the i image would be round (e). 


rays xXIIr and yYKHP, and all the reſt 
which form the image perv, alike refrangible. And therefore 


ſeeing by experience it is found that the image is not round, but 
about five times longer than broad, the rays, which going to the 
upper end Þ of the image ſuffer the greateſt refraction, r 


muſt be 
more refrangible than thoſe which go to the lower end r, unleſs 
the inequality of refraction be caſual. 


This image or ſpectrum pr was coloured, being Rede at its leaſt 


refracted end er, and Violet at its moſt refracted end p, and vel- 
Which agrees 


low, Green and Blue in the intermediate ſpaces, 
with the firſt Propoſition, that lights which differ in Colour do 


alſo differ in Refrangibility, The length of the image in the 


foregoing Experiments I meaſured from the fainteſt and outmoſt 
Red at one end, to the fainteſt and outmoſt Blue at the other end, 
excepting only a little penumbra, whoſe breadth ſcarce exceeded 
a quarter of an inch, as was ſaid above, | 

(% Vide Le, Opt. Part I. 5 4—9. 
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In the furs beam which was, propagated: into the « Co. 


Exper. 4. 
room through: the hole in the window-ſhut, at the diſtance of 


ſome feet from the hole, I held the priſm in ſuch a poſture, that 
its axis might be perpendicular to that beam. Then 1 looked 
through the priſm upon the Hole, and turning the priſm to and 
fro about its axis, to make the image of the hole aſcend and de- 
ſcend; when between its two contrary motions it ſeemed ſtationa- 
ry, I ſtopped the priſm, that the refractions of both ſides of the 
Refracting Angle might be equal to each other, as in the former 
Experiment. In this ſituation of the priſm, viewing through it 
the ſaid hole, I obſerved the Length of its refracted image to be 
many times greater than its Breadth ; and that the moſt refracted 
part thereof appeared Violet, the leaſt refracted Red, the middle 
parts Blue, Green, and Yellow in order. The ſame thing hap- 
pened when I removed the priſm out of the Sun's light, and look- 
ed through it upon the Hole ſhining by the light of the Clouds 
beyond it. And yet if the refraction were done regularly, ac- 
cording to one certain proportion of the ſines of incidence and 
refraction, as is vul garly 2 the refracted 1 image ought to 
have appeared round. : 

So then, by theſe tWo Experiments it appears, that in equal | 


| Incidences there is a conſiderable inequality of Refractions. But 
whence this inequality : ariſes, whether it be that ſome of the 


incident rays are refracted more and others leſs, conſtantly, or by 
chance; or that one and the ſame ray is by refraction diſturbed, 
ſhattered, dilated, and as it were ſplit and ſpread into many di- 
verging rays, as Grimaldo ſuppoſes, does not yet appear by theſe 
Experiments, but will appear by. thoſe that follow. | 
Exper. 5. Conſidering therefore, that if in the third Experi- — 
ment the image of the ſun ſhould be drawn out into an oblong 
form, either by a dilatation of every ray, or by any other caſual: | 
inequality of the refractions, the ſame oblong image would, by 
a ſecond refraction made ſideways, be drawn out as much in 
Breadth by the like dilatation of the rays, or other caſual ine- 
quality of the refractions ſideways; I tried what would be the 
effects of ſuch a ſecond: refraction. For this end I ordered all 
things as in the third Experiment; and then placed a ſecond priim 
Vo. IV. D immediately 
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immediately after the firſt; in a croſs poſition to it, that it might 


again refract the beam of the ſun's light, which came to it through 
the firſt priſm. In the firſt priſm this beam was refracted up- 
wards, and in the ſecond fide ways. And I found, that by the re- 
fraction of the ſecond priſm the Breadth of the image was not 


increaſed ; but its ſuperior part, which in the firſt priſm ſuffered. 


the greater refraction and appeared Violet and Blue, did again in 
the ſecond. priſm ſuffer a greater refraction than its inferior part, 
which appeared Red and Yellow ; and this without any dilatation. 
of the image in Breadth. e 
Illuſiration. Let s [in fg. £4} repreſent the ſun; F the hole 
in the window; Az the firſt priſm; DH the ſecond. priſm; y. 
the round image of the ſun, made by a direct beam of light 
when the priſms are-taken away; PT. the oblong image of the 


fun, made by that beam paſſing through the firft priſm alone, 


when the ſecond priſm is taken away; and n the image made by: 
the croſs refractions of both priſms together. Now if the rays,. 


which tend towards the ſeveral points of the round image, y, 


were dilated and ſpread by the. refraction of the firſt priſm, ſo. 
that they ſhould not any longer go in ſingle lines to ſingle points, 
but that every ray being ſplit, ſhattered, and changed. from a li- 
near ray to a ſuperfieies of rays diverging from the point of re- 
fraction, and lying in the plane of the angles of incidence and 
refraction, they ſnould go in thoſe planes to ſo many lines reach- 


ing almoſt from one end ef the image pT to the other; and if 


that image ſhoutd-thence become oblong: thoſe rays, and their 
ſeveral parts tending towards: the ſeveral points of the image pr, 
ought to be again dilated and ſpread fideways by the tranſverſe: 


refraction of the ſecond priſm, ſo as to compoſe: a four- ſquare 


image, ſuch as is repreſented at v). For the better underſtand- 
ing of which, let the. image pr be diſtinguiſhed into five equal. 
parts PQK, KQRL, LRS, MSVN, NVT. And by the ſame irregu- 
larity that the orbicular light v is, by the refraction of the firſt: 
priſm, dilated and drawn out into a long image PT ; the light 
PQK, Which takes up a ſpace of the ſame length and breadth 
with the light y, ought to be, by the refraction of the ſecond 
priſm, dilated and drawn out into the long image 79#p; and the 
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light KQRL into thellong i image #qr/; and the lights n MSVN, + Co. 


NvT, into ſo many other long images Irm, mn, nut); and all 
theſe long images would compoſe the four - ſquare image r. Thus 
it ought to be, were every ray dilated by refraction, and ſpread 


POUND. 


into a triangular ſuperficies of rays diverging from the point of 


refraction. For the ſecond refraction would ſpread the rays one 
way, as much as the firſt doth another, and fo dilate the image 
in Breadth as much as the firſt doth in Length. And the ſame 
thing ought to happen, were ſome rays caſually refracted more 
than others. But the event is otherwiſe. The image PT was 
Not made broader by the refraction of the ſecond priſm, but only 
became oblique, as it is repreſented at pt; its upper end v being 
by the refraction tranſlated to a greater diſtance than its lower 
end T. So then the light which went towards the upper end, 5, 
of the image, was (at equal incidences) more refracted in the ſe- 
cond priſm, than the light which tended towards the lower end 
; that is the Blue and Violet, than the Red and Yellow : and 
therefore was more refrangible. The ſame light was, by the 
refraction of the firſt priſm, tranſlated farther from the place x 
to which it tended before refraction ; and therefore ſuffered, as 
well in the firſt priſm as in the ſecond, a greater refraction than 
the reſt of the light, and by conſequence was more refrangible 
than the reſt, even before its incidence on the firſt priſm. 
Sometimes I placed a third priſm after the ſecond, and ſome- 
times alſo a fourth after the third, by all which the image might 
be often refracted ſideways : but the rays, which were: more re- 
fracted than the reſt in the firſt priſm, were alſo more refracted 


in all the reſt, and that without any dilatation of the image ſide- 


ways: and therefore thote rays, for their conſtancy of a greater 
refraction, are deſervedly reputed more refrangible. 

But that the meaning of this experiment may more clearly: 
appear, it is to be conſidered that the rays, which are equally re- 
frangible, do fall upon a circle anſwering to the ſun's diſque. 

For this was proved in the third Experiment. By a circle I un- 
derſtand not here a perfect geometrical circle; but any orbicular 
figure, whoſe length is equal to its breadth, and which, as to 
ſenſe, may ſeem circular. Let therefore as [in Ag. 1 5] repre- 


39 2 ſent 


Lienr 
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from the whole diſque of the ſun, would illuminate and paint 
upon the oppoſite wall, if they were alone; EL. the circle, which 
all the leaſt refrangible rays would, in like manner, illuminate 
and paint, if they were alone ; BH, C J, DX, the circles, which 


fo many intermediate ſorts of rays would ſucceſſively paint upon 


the wall, if they were ſingly propagated from the fun in ſucceſ- 
five order, the reft being always intercepted ; and conceive that 
there are other intermediate circles without number, which in- 
numerable other intermediate ſorts of rays would ſucceffively 


paint upon the wall, if the ſun ſhould ſucceſſively emit every 


fort apart. And ſeeing the ſun emits all theſe ſorts at once, they 
muſt all together illuminate and paint innumerable equal cireles ; 
of all which, being according to their degrees of refrangibility 
placed in order in a continual ſeries, that oblong ſpectrum, pr, 
is compoſed, which I deſcribed in the third Experiment. Now if 


the ſun's circular image v, ſin Ag. 14, 15] which is made by an 


unrefracted beam of light, was, by any dilatation of the ſingle 
rays, or by any other irregularity in the refraction of the firſt 
priſm, converted into the oblong ſpectrum, PT : then ought eve- 
ry circle, Ac, BH, oi, &c. in that ſpectrum, by the croſs re fraction 
of the ſecond priſm again dilating or otherwiſe ſcattering tlie 
rays as before, to be in like manner drawn out and trans formed 
into an oblong figure; and thereby the Breadth of the image pT 
would be now as much augmented, as the Length of the image 
y was before by the refraction of the firſt prifm ; and thus, by 
the refraction of both priſms together, would be formed a four- 
ſquare figure pt), as I deſcribed above. Wherefore, ſince the 


breadth of the ſpectrum PT is not increaſed by the refraction 


ſideways, it is certain that the rays are not ſplit or dilated, or 

other ways irregularly ſcattered by that refraction, but that every 
circle is, by a regular and uniform refraction, tranſlated entire into 
another Place, as the circle Ac, by the greateſt re fraction, into 
the place ag; the circle Bn, by a leſs refraction, into the place 
bb; the circle cj, by a refraction Kill leſs, into the place ci; 
and ſo of the reſt : by which means a new ſpectrum pt, inclined 
to the former PT, is in like manner compoſed of circles lying 


in 
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Tur Son's ſent the circle, which all the moſt refrangible rays,. propagated 
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not increaſed by the refractions, the diameters of the circles are 
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in a right line; and theſe circles muſt be of the fame bigneſs 
with the former, becauſe the breadths of all the AS Ie 1, 
PT and pt, at equal diſtances from the priſms are equal. 

I concluded farther, that by the breadth of the hole x, through. 


which the light enters into the dark chamber, there is a pe- 


numbra made in the circuit of the ſpectrum y, and that pe- 
numbra remains in the rectilinear ſides of the ſpectrums pr and 
pt. I placed therefore at that hole a lens or object-glaſs of a te- 
leſcope, which might caſt the image of the ſun diſtinctly on u, 
without any penumbra at all ; 
the rectilinear ſides of the oblong ſpectrums, PT and pt, was alſo 
thereby taken away, ſo that thoſe ſides appeared as diſtinctly de- 
fined, as did the circumference of the firſt image y. Thus it 

happens, if the glaſs of the priſms be free from veins, and 


their ſides be accurately plane, and well poliſhed without thoſe 
numberleſs waves or curles which uſually ariſe from ſand- holes 


a little ſmoothed with poliſhing with putty. If the glaſs be on- 
ly well poliſhed and free from veins, and the ſides not accurately 
plane, but a little convex or concave, as it frequently happens; 


yet may the three ſpectrums, y,. Pr and yt, want penumbras, 


but not in equal diſtances from the priſms. Now from this want 


of penumbras, I knew more certainly that every one of the cir- 


cles was retracted according to ſome moſt regular, uniform, and 
conftant law. For if there were any trregularity in the refrac- 
tion, the right lines AE and GL, which all the circles in the ſpec- 
trum pr do touch, could not by that refraction be tranſlated into 
the lines ae and g4, as diſtin& and ſtraight as they were before; 
but there would arife, in thoſe tranſlated lines, ſome penumbra 
or crookedneſs or undulation, or other ſenſible perturbation con- 
trary to what is found by experience. Whatſoever penumbra or 
perturbation ſhould be made in the circles by the croſs refraction 
of the ſecond priſm, all that penumbra or perturbation would be 
conſpicuous in the right lines ae and g which touch thoſe circles. 


And therefore fince there is no ſuch penumbra or perturbation in 


thoſe right lines, there muſt be none in the circles. Since the 
diſtance between thoſe tangents, or breadth of the ſpectrum, is 


not 


Con- . 
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and found that the penumbra of 
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not increaſed thereby. Since thoſe tangents continue to be right 
lines, every circle, which in the firſt priſm is more or leſs refrac- 
ted, is exactly in the ſame proportion more or leſs refracted in 
the ſecond. And ſeeing all theſe things continue to ſucceed af- 
ter the ſame manner, when the rays are again in a third priſm, 
and again in a fourth, refracted ſideways; it is evident, that the 
rays of one and the ſame circle, as to their degree of refrangi- 
bility, continue always uniform and homogeneal to one another, 


and that thoſe of ſeveral circles do differ in degree of refrangi- 


bility, and that in ſome certain and conſtant Proportion. Which 
is the thing I was to prove. 

There is yet another circumſtance or two of this Experiment, 
by which it becomes ſtill more plain and convincing. Let the ſe- 
cond priſm pH [in fg. 163 be placed not immediately after the 
firſt, but at ſome diſtance from it ; ſuppoſe in the mid-way be- 


tween it and the wall, on which the oblong ſpectrum PT is caſt; 


ſo that the light from the firſt priſm may fall upon it in the form 
of an oblong ſpectrum ) parallel to this ſecond priſm, and be 
refracted ſideways to form the oblong ſpectrum yt upon the wall. 
And you will find as before, that this ſpectrum r is inclined to 
that ſpectrum vr, which the firſt priſm forms alone without the 


| ſecond; the Blue ends ? and y being farther diſtant from one 


another, than the Red ones T and 7; and by conſequence that 
the rays which go to the blue end, x, of the image v, and which. 
therefore ſuffer the greateſt refraction in the firſt priſm, are gain 


in the ſecond priſm more refracted than the reſt. 


The ſame thing I tried alſo by letting the ſun's light into à 
dark room through two little round holes, F and ©, Lin fig. 170 
made in the window, and with two parallel priſms, aBc and 45, 
Placed at thoſe holes (one at each) retracting thoſe two beams of 
light to the oppoſite wall of the chamber; in ſuch manner that 
the two coloured images, PT and MN, which they there painted, 
Were joined end to end, and lay 4 in one ſtraight line; the Red end 
of the one touching the Blue end M of the other. For if 
theſe two refracted beams were again, by a third priſm PH placed 


croſs 


Ly, This Experiment may be tried with two priſms only, For the buſineſs of the two W 
| 4 
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croſs to the two firſt, refracted ſideways, and the ſpearums there- a cou. 


by tranflated to ſome other part of the wall of the chamber, 
ſuppoſe the ſpectrum pr to pt and the ſpectrum MN to un; theſe 
tranſlated ſpectrums, pt and aun, would not lie in one ſtraight line 
with their ends contiguous as before, but be broken off from one 
another and become parallel; the Blue end m of the image un 
being, by a greater refraction, tranſlated farther from its former 
place MT, than the Red end ? of the other image pt from the 
ſame place MT; which puts the Propoſition paſt diſpute. And. 
this happens whether the third priſm, Dn, be placed immediately 
after the two firſt, or at a great diſtance from them, ſo that 
the light refracted in the two firſt priſms be either white and cir- 
eular, or coloured and oblong, when it falls on the third (f). 
Exper. 6. In the middle of two thin boards I made round: 
holes, a third part of an inch in diameter, and in the window-: 
ſhut a much broader hole being made, to let into my darkened 
chamber a large beam of the ſun's light; I placed a priſm be- 
hind the ſhut in that beam, to refract it towards the oppoſite wall 7 
and cloſe behind the priſm I fixed one of the boards, in ſuch 
manner that the middle of the refracted light might paſs through 
the hole made in it, and the reſt be intercepted by the board. 
Then, at the diſtance of about twelve feet from the firſt. board, 
I fixed. the other board; in ſuch. manner, that the middle of the 
refracted light, which came through the hole in the firſt board 
and fell upon the oppoſite wall, might paſs: through. the hole in: 
this other board; and the reſt, being intercepted by the board, 
might paint upon it the coloured. ſpectrum of. the ſun. And 
cloſe behind this board I fixed another priſm, to refract the light, 
which. came through the hole. Then J réturned ſpeedily. to the ; 
firſt priſm; and: by turning it flowly to and fro about its axis, I 
cauſed the image, which fell upon the ſecond board, to move up 
and down upon that board, that all its parts might ſucceſſively, 
paſs through the hole in that board, and fall upon the priſm be- 
hind it. And in the mean time, F noted the places on the op- 
polite wall, to which that light, after its refraction in the ſecond- 


af may be Ne by a ſingle one having a black paper, with two round holes in it, paſted on 
the ſide which is turned to the light. Vide LECT. Op r. Part I. 19. 


priſm. 
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bus Sox's priſm, did paſs; and by the difference of the places I found that 
GHT 


the light, which being moſt refracted in the firſt priſm did go te 
the Blue end of the image, was again more refracted in the ſe- 
cond priſm, than the light which went to the Red end of that 


image; which proves as well the firſt Propoſition as the ſecond. 


And this happened whether the axis of the two priſms were pa- 
rallel, or inclined to one another and to the mag; in any my 


angles. 


Iluſtration. Let F [1N iy. 18] be the wide hole in the window 
ſhut, through which the ſun ſhines upon the firſt prifm asc, 


and let the refracted light fall upon the middle of the board DE, 


and the middle part of that light upon the hole 6, made in the 
middle of that board. Let this trajected part of the light fall 


again upon the middle of the ſecond board, de, and there paint 


ſuch an oblong coloured image of the ſun, as was deſcribed in 


the third Experiment. By turning the priſm ABC ſlowly to and 


fro about its axis, this image will be made to move up and down 
the board de, and by this means all its parts, from one end to 


the other, may be made to paſs ſucceſſively through the Hole g, 
which is made in the middle of that board. In the mean while 
another priſm, abc, is to be fixed next after that hole g, to refract 


the trajected light a ſecond time. And theſe things being thus 


ordered, I marked the places, M and N, of the oppoſite wall 


upon. which the refracted light fell; and found, that whilſt the 


two boards and ſecond priſm remained unmoved, thoſe places, 


by turning the firſt priſm about its axis, were changed perpetu- 
ally. For when the lower part of the light, which tell upon 
the ſecond board, de, was caſt through the hole, g, it went to a 
lower place, Mu, on the wall; and when the higher part of that 
light was caſt through the ſame hole, g, it went to a higher place, 
N, on the wall; and when any intermediate part of the light was 
caſt through that hole, it went to ſome place on the wall be- 
tween M and x. The unchanged poſition of the holes in the 


boerds made the incidence of the rays upon the ſecond priſm to 


be the ſame in all caſes. And yet, in that common incidence, 


ſame of the rays were more refracted and others leſs. And thoſe 


were more refracted in this priſm, which, by a greater refraction 
5 — 
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in the firſt priſm, were more turned out of the way; and there- a Con- 
fore, for their conſtancy of being more refracted, are deſervedly 


called more refrangible. 


Exper. 7. At two holes made near one another in my window- 
ſhut I placed two priſms, one at each; which might caſt upon 
the oppoſite wall (after the manner of the third Experiment) 
two oblong coloured images of the fun. And at a little diſtance 
from the wall, I placed a long flender paper with ſtraight and pa- 
rallel edges, and ordered the priſms and paper ſo, that the Red 
colour of one image might fall directly upon one half of the pa- 
per, and the Violet colour of the other image upon the other 
half of the ſame paper: ſo that the paper appeared of two co- 
lours, Red and Violet, much after the manner of the painted 
paper in the firſt and ſecond Experiments. Then with a black. 
cloth I covered the wall behind the paper, that no light might be 
reflected from it to diſturb the Experiment; and viewing the 
paper through a third priſm held parallel to it, I ſaw that half 
of it, which was illuminated by the Violet light, to be divided 
from the other half by a greater refraction, eſpecially when I 
went a good way off from the paper. For when I viewed it too 
near at hand, the two halfs of the paper did not appear fully 
divided from one another, but ſeemed contiguous at one of their 
angles, like the painted paper in the firſt Experiment. Which 
alſo happened when the paper was too broad. 

Sometimes inſtead of the paper I uſed a white thread; and this 
appeared through the priſm divided into two parallel threads, as 
is repreſented in the nineteenth figure ; where pc denotes the 
thread illuminated with Violet light from p to x, and with Red 
light from Fr to 6, and edfz are the parts of the thread ſeen by 
refraction. If one half of the thread be conſtantly illuminated 
with Red, and the other half be illuminated with all the colours 
ſucceſſively (which may be done by cauſing one of the priſms 
to be turned about its axis whilft the other remains unmoved) 
this other half, in viewing the thread through the priſm, will 
appear 1n a continued right line with the firſt half when illumi- 
"nated with Red; and begin to be a little divided from it, when 
Yluminated with Orange; and remove farther from it, when il- 
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Tus Sux's luminated with Yellow ; and till farther when with Green; and 


Liohr 


farther when with Blue; and go yet farther off, when illumi- 
nated with Indigo; and fartheſt when with deep Violet. Which 
plainly ſhews, that the lights of ſeveral colours are more and 
more refrangible irom one another, in this order of their co- 
lours ; Red, Orange, Yellow, Green, Blue, Indigo, deep Violet; 
and ſo proves as well the firſt Propoſition as the ſecond. _ 

1 cauſed alſo the coloured ſpectrums PT [in Fg. 17] and MN, 
made in a dark chamber by the refractions of two priſms, to lie 


1n a right line end to end, as was deſcribed above in the fifth Ex- 


periment ; and viewing them through a third priſm, held paral- 
lel to their length, they appeared no longer in a right line, but 
became broken from one another, as they are repreſented at pt 


and zun; the Violet end, m, of the ſpectrum, un, being by a 


greater refraction tranſlated farther from its former place, MT, 
than the Red end, z, of the other ſpectrum pt. 


1 farther cauſed thoſe two ſpectrums pr [in Ag. 20] and MN 


to become co-incident, in an inverted order of their colours, the- 


Red end of each falling on the Violet end of the other, as they 
are repreſented in the oblong figure pTMN ; and then viewing 
them through a priſm DEH held parallel to their length, they ap- 
peared not co-incident as when viewed with the naked eye, but 
in the form of two diſtinct ſpectrums pt and aun croſſing one an- 
other in the middle after the manner of the letter x. 


which were co-incident at PN and MT, being parted from one 
another, by a greater refraction of the Violet to p and , than 
of the Red to x and 2, do differ in degrees of refrangibility. 

I illuminated allo a little circular piece of white paper all over, 
with the lights of both priſms intermixed ; and when it was il- 
luminated with the Red of one ſpectrum and deep Violet of the 
other, ſo as by the mixture of thoſe colours to appear all over 
Purple, I viewed the paper, firſt at a leſs diſtance, and then at 
a greater, through a third priſm ; and as I went from the paper, 
the refracted image thereof became more and more divided by 
the unequal refraction of the two mixed colours, and at length 
parted into two diſtinct images, a Red one and a Violet one; 


whereof 


Which 
ſhews, that the Red of the one ſpectrum and Violet of the other, 
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whereof the Violet was fartheſt from the paper, and therefore « Con- 


ſuffered the greateſt refraction. And when the priſm at the win- 
dow, which caſt the violet on the paper, was taken away, the 

Violet image diſappeared; but when the other priſm was taken 
away, the Red vaniſhed : which ſhews, that theſe two images 
were nothing elſe than the lights of the two priſms, which had 
been intermixed on the purple paper, but were parted again, by 
their unequal refractions, made in the third priſm, through _ 
which the paper was viewed. This alſo was obſervable, that if 
one of the priſms at the window, ſuppoſe that which caſt the 
Violet on the paper, was turned about its axis to make all the co- 
lours in this order, Violet, Indigo, Blue, Green, Yellow, Orange, 
Red, fall ſucceſſively on the paper from that priſm, the Violet 
image changed colour. accordingly, turning ſucceſſively to Indi- 
go, Blue, Green, Yellow and Red; and in changing colour came 
nearer and nearer to the Red image made by the other priſm, 
until, when it was alſo Red, both images became fully co-in- 
cident. 

I placed alſo two paper- circles very near one another, the one 
in the Red light of one priſm, and the other in the Violet light 
of the other. The circles were each of them an inch in dia- 
meter, and behind them the wall was dark, that the Experiment 
might not be diſturbed by any light coming from thence. Theſe 
circles thus illuminated, I viewed through a priſm, ſo held that 
the refraction might be made towards the Red circle, and as I 
went from them they came nearer and nearer together, and at 
length became co- incident; and afterwards when I went ſtill far- 
ther off, they parted again in a contrary order, the Violet by a 
greater refraction being carried beyond the Red. 

Exper. 8. In Summer, when the ſun's light uſes to be ſtrong- 
eſt, I placed a priſm at the hole of the window-ſhut, as in the 
third Experiment, yet ſo that its axis might be parallel to the 
axis of the World, and at the oppoſite wall, in the ſun's refracted 
light, I placed an open book. Then going ſix feet and two 
inches from the book, I placed there the above-mentioned lens, 
by which the light, reflected from the book, might be made to 
converge and meet again at the diſtance of fix feet and two inches 

E 3 behind 
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1 Sox's behind the lens, and there paint the ci of the bopk 1 upon a 


ſheet of white paper, much after the manner of the ſecond Ex- 


periment. The book and lens being made faſt, I noted the place, 


where the paper Was, when the letters of the book, illuminated 
by the fulleſt Red light of the ſolar image falling upon it, did 
caſt their ſpecies on that paper moſt diſtinctly : and then I ſtayed, 
till by the motion of the ſun, and conſequent motion of his 
image on the book, all the colours from that Red to the middle 
of the Blue paſſed over thoſe letters; and when thoſe letters were 
illuminated by that Blue, I noted again the place of the paper, 


when they caſt their ſpecies. moſt diſtinctly upon it: and I found 


that this laſt place of the paper was nearer to the lens, than its 
former place, by about two inches and an half, or two and three 
quarters. So much ſooner therofore did the light in the Violet 
end of the image, by a greater refraction, converge and meet, 
than the light in the Red end. But in trying this the chamber 
was as dark as I could make it. For if theſe colours be diluted 


and weakened by the mixture of any adventitious light, the diſ- 


tance between the places of the paper will not be ſo great. This 
diſtance, in the ſecond Experiment, where the colours of Natu- 
ral Bodies were made uſe of, was but an inch and an half, by 
reaſon of the imperfection of thoſe colours. Here, in the co- 
lours of the Priſm, which are manifeſtly more full, intenſe, and 
lively than thoſe © of Natural Bodies, the diſtance is two inches and, 
three quarters. And were the colours {till more full, I queſtion 


not but that the diſtance would be conſiderably greater. For the 


coloured light of the priſm, by the interfering of the circles de- 
ſcribed in the ſecond figure of the fifth Experiment, and alſo by 

the light of the very bright clouds next the ſun's body intermix- 
ing with theſe colours, and by the light ſcattered by the inequa- 
lities in the poliſh of the priſm, was ſo very much compounded, 
that the ſpecies, which thoſe faint and dark colours, the Indigo 

and Violet, caſt upon the paper, were not diſtinct enough to be 


well obſerved. 


Exper. . A priſm, whoſe two angles at its baſe were equal to 
one another and half right ones, and the third a right one, I 


placed in a beam of the ſun's light let into a dark chamber, 
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PART I. . 


through a hole 3 in the window-ſhut, as in the third Experiment. a Con- 


And turning the priſm ſlowly about its axis, until all the light 
which went through one of its angles, and was refracted by it, 
began to be reflected by its baſe, at which till then it went out of 


greateſt refraction, were ſooner reflected than the reſt. I con- 
ceived therefore that thoſe rays of the Reflected light, which were 
moſt Refrangible, did firſt of all, by a total reflexion, become 
more copious in that light than the reſt; and that afterwards the 


reſt alſo, by a total reflexion, became as copious as theſe. To 


try this; I made the Reflected light paſs through another priſm, 


and being refracted by it to fall afterwards upon a ſheet of white 


paper placed at ſome diſtance behind it; and there, by that Refrac- 
tion, to paint the uſual colours of the priſm. And then caufing 
the firft priſm to be turned about its axis as above, I obſerved 
that when thoſe rays, which in this priſm had fuffered the great- 


_ eſt refraction, and appeared of a Blue and Violet colour, began 


to be totally reflected, the Blue and Violet light on the paper, 
which was moſt refracted in the ſecond priſm, received a ſenſi- 


POUND. 


the glaſs; I obſerved that thoſe rays, which had ſuffered the 


ble increaſe above that of the Red and Yellow, which was leaſt - 


refracted ; and afterwards when the reſt of the light, which was 
Green, Yellow and Red, began to be totally reflected in the firſt 


prifm, the light of thoſe colours on the paper received as great 


an increaſe, as the Violet and Blue had done before. Whence 


it is manifeſt, that the beam of light reflected by the baſe of the _ 


priſm, being augmented firſt by the more refrangivle rays, and 
afterwards by the leſs refrangible ones, is compounded of rays 


differently refrangible. And that all ſuch Reflected light is of 
the ſame nature with the ſun's light, before its incidence on the 


baſe of the priſm, no man ever donbted : it being generally al- 


lowed, that light, by ſuch reflexions, ſuffers no alteration in its 
modifications and properties. I do not here take notice of any 
refractions made in the ſides of the firſt priſm, becauſe the light 
enters it perpendicularly at the firſt fide, and goes out perpendi- 


cularly at the ſecond fide, and therefore GBs none. So then, 


the ſun's incident light being of the ſame temper and conſtitution 
with his emergent 3 and the laſt being compounded of rays. 
differently 
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Tur Svx's differently refrangible, the firſt muſt be in like manner com- 


pounded. 
Ilisſtration. In the tepnty-Arſt Ape ABC is the firſt priſm ; 


BC its baſe ; B and c its equal angles at the baſe, each of 45 de- 


grees ; A its rectangular vertex; FM a beam of the ſun's light, 
let into a dark room through a hole, x, one third part of an inch 
broad; its incidence on the baſe of the priſm; MG a leſs re- 
fracted ray; MH a more refracted ray; MN the beam of light 
reflected from the baſe; vx the ſecond priſm, by which this 
beam, in paſling through it, is refracted; N? the leſs refracted 


light of this beam; and Ny the more refracted part thereof. 


When the firſt priſm, aBc, is turned about its axis, according 
to the order of the letters aBc, the rays MH emerge more and 
more obliquely out of that priſm, and at length after their moſt 
oblique emergence are reflected towards N, and going on to p 
do increaſe the number of the rays NB. Afterwards by continu- 
ing the motion of the firſt priſm, the rays MG are alſo reflected 
to N, and increaſe the number of the rays NF. And therefore 
the light MN admits into its compoſition, firſt the more refrangi- 


ble rays, and then the leſs refrangible rays; and yet, after this 


compoſition, is of the ſame nature with the ſun's immediate light 
FM, the reflexion of the ſpecular baſe Bc cauſing no alteration 
therein (8), | 

Exper. 10. Two priſms, whinhy were alike i in ſhape, tied fo 
together, that their axes and oppoſite ſides being parallel, they 
compoſed a parallelepiped. And, the ſun thining into my dark 
chamber through a little hole in the window-ſhut, I placed that 


parallelepiped in his beam at ſome diſtance from the hole, in ſuch 


a poſture, that the axes of the priſms might be perpendicular 
to the incident rays; and that thoſe rays, being incident upon 
the firſt ſide of one priſm, might go on through the two conti- 
guous ſides of both priſms, and emerge out of the laſt ſide of the 
ſecond priſm. This 1ide, being parallel to the firſt ſide of the 
firſt priſm, cauſed the emerging light to be parallel to the inci- 


dent. Then, beyond theſe two priſms I placed a third, which 


might refract that emergent light, and by that refraction caſt 
(5) Vid, Lect. Opt. Part II. 57175. 
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the uſual colours of the priſm upon the oppoſite wall, or upon 4 con- 


a ſheet of white paper, held at a convenient diſtance behind the 
priſm, for that refracted light to fall upon it. After this I turn- 
ed the parallelepiped about its axis; and found, that when the con- 
tiguous ſides of the two priſms became ſo oblique to the inci- 
dent rays,” that thoſe rays began all of them to be reflected, 
thoſe rays, which in the third priſm had ſuffered the greateſt Re- 
fraction and painted the paper with Violet and Blue, were firſt 
of all by a total Reflexion taken out of the tranſmitted light ; the 


POUND, 


reſt remaining, and on the paper painting their colours of Green, 


Yellow, Orange, and Red, as before; and afterwards by conti- 
nuing the motion of the two priſms, the reſt of the rays alfo, 


by a total Reflexion, vaniſhed in order, according to their degrees 
of Refrangibility. The light therefore, which emerged out of 


the two priſms, is compounded of rays differently refrangible, 
ſeeing the more refrangible rays may be taken out of it, while 
the leſs refrangible remain. But this light, being trajected only 


through the parallel ſuperficies of the two prifms, if it fuffered 


any change by the refraction of one ſuperficies, it loſt that im- 


preſſion by the contrary refraction of the other ſuperficies ; and 


ſo, being reſtored to its priſtine conſtitution, became of the ſame 
nature and condition as at firſt, before its incidence on thoſe 


priſms; and therefore, before its incidence, was as much com- 


pounded of rays differently refrangible, as afterwards, 
Illuſtration. In the twenty-ſecond figure, aBc and BCD are the 
two priſms tied together in the form of a parallelepiped, their 
ſides Bc and cB being contiguous, and their ſides AB and op pa- 
rallel. And Hk is the third priſm, by which the ſun's light, 
propagated through the hole x into the dark chamber, and there 
paſſing through thoſe ſides of the priſms, as, Bc, c; and CD, is 
refracted at o to the white paper Pr; falling there partly upon 
P by a greater refraction, partly upon T by a lets retraction, and 
partly upon R, and other intermediate places, by intermediate re- 
fractions. By turning the parallelepiped Ach about its axis, ac- 
cording to the order of the letters a, c, D, B, at length when 
the contiguous planes, Bc and cz, become ſufficiently oblique to- 
the rays FM, Which are incident upon them at u, there will va 
- : niſh 


40 
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Tur Svn's Niſh totally out of the refracted light oeT, firſt of all the moſt 


refracted rays op, (the reſt ox and or remaining as before) then 
the rays ox, and other intermediate ones, and laſtly, the leaſt re- 


fracted rays or, For when the plane Bc becomes ſufficiently ob- 
lique to the rays incident upon it, thoſe rays will begin to be to- 
tally reflected by it towards N; and firſt the moſt refrangible 


rays will be totally reflected (as was explained in the preceding 


Experiment) and by conſequence muſt firſt diſappear at p; and 
afterwards the reſt, as they are in order totally reflected to N, 
they muſt appear in the ſame order at Rand r. So then the rays, | 


which at o ſuffer the greateſt refraction, may be taken out of the 
light Mo, whilſt the reſt of the rays remain in it; and therefore 
that light mo is compounded of rays differently refrangible. 


And becauſe the planes aB and cp are parallel, and therefore by 


equal and contrary refractions deſtroy one anothers effects, the 
incident light FM muſt be of the ſame kind and nature with the 
emergent light Mo, and therefore doth alſo conſiſt of rays diffe- 
rently refrangible, Theſe two lights, FM and Mo, before the 


moſt refrangible rays are ſeparated out of the emergent light mo, 


agree in colour, and in all other properties ſo far as my obſer- 
vation reaches; and therefore are deſervedly reputed of the ſame 
nature and conſtitution, and by conſequence the one is com- 
pounded as well as the other. But after the moſt refrangible 


rays begin to be totally reflected, and thereby ſeparated out of 
the emergent light mo, that light changes its colour from White 


to a dilute and faint Yellow, a pretty good Orange, a very full 
Red ſucceſſively, and then totally vaniſhes. For after the moſt 
refrangible rays, which paint the paper at P with a Purple co- 
lour, are, by a total reflexion, taken out of the beam of light 
Mo; the reſt of the colours, which appear on the paper at R and 
T, being mixed in the light Mo, compound there a faint Yellow : 


and after the Blue and part of the Green which appear on the 


paper between y and R are taken away; the reſt, which appear be- 


| tween R and r, that is the Yellow, Orange, Red, and a little 


Green, being mixed in the beam mo compound there an Orange; 


and when all the rays are by reflexion taken out of the beam Mo, 
except the leaſt refrangible, which at T appear of a full Red, 


their 
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refraction of the priſm Hk ſerving only to ſeparate the different- 


ly refrangible rays, without making any alteration in their co- 
lours, as ſhall be more fully proved hereafter. All which con- 


firms as well the firſt Propoſition as the ſecond. 


their colour is the ſame in that beam Mo, as afterwards at r, the « cos. 


POUND. 


Scholium. If this Experiment and the former be conjoined 
and made one, by applying a fourth priſm vxr [in /g. 22] to re- 


fract the reflected beam MN towards pr, the concluſion will be 


clearer. For then the light Ny, which in the fourth priſm is 


more refracted, will become fuller and ſtronger when the light 


op, which in the third priſm Hjxk is more refracted, vaniſhes at 


P; and afterwards, when the leſs refracted light, or, vaniſhes at 


T, the leſs refracted light Nz will become encreaſed, whilſt the 
more refracted light at p receives no farther encreaſe. And as the 


trajected beam, Mo, in vaniſhing is always of ſuch a colour, as 
_ ought to reſult from the mixture of the colours which fall upon 


the paper PT, ſo is the reflected beam, MN, always of ſuch a co- 


lour, as ought to reſult from the mixture of the colours which 


fall upon the paper . For when the moſt refrangible rays are, 


by a total reflexion, taken out of the beam mo, and leave that 


beam of an Orange colour, the exceſs of thoſe rays in the re- 
flected light, does not only make the Violet, Indigo and Blue at 
p more full, but alſo makes the beam MN change from the yel- 
lowith colour of the ſun's light, to a pale White inclining to 
Blue, and afterward recover its yellowiſh colour again, ſo ſoon as 


all the reſt of the tranſmitted light Mor is reflected. 


Now. ſeeing that in all this variety of Experiments, whether 


the trial be made in light Reflected, and that either from Natural 


Bodies, as in the firſt and ſecond Experiment, or Specular, as in 
the ninth ;- or in light Refracted, and that, either before the un- 


equally refracted rays are, by diverging, ſeparated from one an- 
other, and loſing their whiteneſs which they have altogether, 
appear ſeverally of ſeveral colours, as in the fifth Experiment; 
or after they are ſeparated from onę another, and appear colour- ' 


ed as in the ſixth, ſeventh, and eighth Experiments; or in light 
trajected through parallel ſuperficies, deſtroying each others ef- 
fects, as in the tenth Experiment; there are always found rays, 

Vol. IV. F which 
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Tur Sox's Which at equal incidences on the ſame Medium ſuffer unequal re- 


Courobab. fractions; and that without any ſplitting or dilating of ſingle 


rays, or contingence in the inequality of the refractions, as is 
proved in the fifth and ſixth Experiments : and ſeeing the rays 


which differ in refrangibility may be parted and forted from one 
another; and that either by Refraction, as in the third Experiment, 


or by Reflexion, as in the tenth; and then the ſeveral ſorts apart 


at equal incidences ſuffer unequal refractions, and thoſe ſorts are 
more refracted than others after ſeparation, which were more re- 


fracted before it, as in the ſixth and following Experiments; and 
if the Sun's light be trajected through three or more croſs priſms 
ſucceſſively, thoſe rays, which in the firſt priſm are refracted 

more than others, are in all the following priſms. refracted more 
than others in the ſame rate and proportion, as appears by the 
fifth Experiment : SD manifeſt, that the Sun's Light is an Hete- 


rogeneous Mixture of rays, ſome of which are h more 


. than others, as was propoſed. 


— 


r n een . 
The Sun's light con/ifts of rays aiffering in Reflexibility, and thoſe rays 
are more reflexible than others, which are more refrangible. 
This is manifeſt by the ninth and tenth Experiments : for in 
the ninth Experiment, by turning the priſm about its axis, until 


the rays within it, which in going out into the air were refracted 


by its baſe, became ſo oblique to the baſe, as to begin to be to- 
tally reflected thereby; thoſe rays became firſt of all totally re- 
flected, which before, at equal incidences with the reſt, had ſuf- 
fered the greateſt refraction. And the ſame thing happens in the 
reflexion made by the common baſe of the two priſms in the 
tenth. Experiment. 


FAD ñ⁵ SAS 


To 0 ſeparate from cne another the Heterogeneous rays of Compound 


Light. 


Toreſolrethe The heterogeneous rays are in ſome meaſure ſeparated from 
; Ligh 
__ one another by the refraction. of. the Prin in the third Experi- 


ment ;. 
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ment; and in the fifth Experiment, by taking away the pertum-'int its con. 
ſtituent Parts. 
bra from the rectilinear ſides of the coloured image, that ſepa- 
ration in thoſe very rectilinear ſides or ſtrai ght edges of the image 
becomes perfect. But in all places between thoſe rectilinear 
edges, thoſe innumerable circles there deſcribed, which are ſe- 
verally illuminated by homogeneal rays, by interfering with one 
another, and being every where commixed, do render the light 
ſufficiently compound. But if theſe circles, whilſt their centers 
keep their diſtances and poſitions, could be made leſs in diameter, 
their interfering one with another, and by conſequence the mix- 
ture of the heterogeneous rays would be proportionally dimi- 
niſhed. In the twenty-third figure let as, BH, CJ, DK, EL, FM 
be the circles, which ſo many ſorts of rays, flowing from the 
ſame diſque of the ſun, do in the third Experiment illuminate ; 
of all which and innumerable other intermediate ones, lying in 
a continual ſeries between the two rectilinear and parallel edges 
of the ſun's oblong image PT, that image is compoſed; as was 
explained in the fifth Experiment. And let ag, bb, ci, dk, el, fm, 
be ſo many leſs circles, lying in a like continual feries between 
two parallel right lines af and g/m, with the ſame diſtances be- 
tween their centers, and illuminated by the ſame ſorts of rays ; 
that is, the circle ag with the ſame ſort by which the correſpond- 
ing circle Ad was illuminated; and the circle % with the ſame 
ſort by which the correſponding circle BH was illuminated; and 
the reſt of the circles, ci, d, el, fm, reſpectively, with the ſame 
forts of rays by which the ſeveral correſponding circles, CJ, DK, 
EL, FM, were illuminated. In the figure, Pr, compoſed of the 
greater circles, three of thoſe circles, AG, BH, CJ, are ſo expand- 
ed into one another, that the three ſorts of rays by which thoſe 
circles are illuminated, together with other innumerable ſorts of 
intermediate rays, are mixed at 'QR in the middle of the circle 
BH. And the like mixture happens throughout almoſt the whole 
length of the figure pr. But in the figure, pr, compoſed of the 
leſs circles, the three leſs circles, ag, bb, ci, which anſwer to thoſe 
three greater, do not extend into one another; nor are there any 
where mingled ſo much as oy two of the three ſorts: of 18 


44 G © T 7 © % Book I. 
Torefolrethe by Which thoſe circles are illuminated, and which in the figure 
Solar Light 
= PT are all of them intermingled at BH. 
Now he that ſhall thus conſider it, will eaſily under Rund, that 
the mixture is diminiſhed in the ſame proportion with the diame- 
ters of the circles. If the diameters of the circles, whilſt their 
centers remain the ſame, be made three times leſs than before, 
the mixture will be alſo three times leſs; if ten times leſs, the 
mixture will be ten times leſs, and ſo of other proportions. 
That is, the mixture of the rays in the greater figure, Pr, will 
be to their mixture in the leſs, pt, as the latitude of the greater 
figure is to the latitude of the leſs. For the latitudes of theſe 
figures are equal to the diameters of their circles. And hence it 
eaſily follows, that the mixture of the rays in the refracted ſpec- 
trum, pt, is to the mixture of the rays in the direct and imme- 
diate light of the ſun, as the breadth of that ſpectrum is to the 
difference between the length and breadth of the ſame ſpectrum. 
So then, if we would diminiſh the mixture of the rays, we 
are to diminiſh the diameters of the circles. Now thefe would 
be diminiſhed if the ſun's diameter to which they anfwer could 
be made leſs than it is, or (which comes to the ſame purpoſe) if 
without doors, at a great diſtance from the priſm towards the 
ſun, ſome opake body were placed, with a round hole in the 
middle of it, to intercept all the ſun's light, excepting ſo much 
as, coming from the middle of his body, could paſs through that 
hole to the priſm. For ſo the circles Ad, Bn, and the reſt, would 
not any longer anſwer to the whole diſque of the ſun, but only 
to that part of it, which could be ſeen from the priſm through 
that hole, that it is to the apparent magnitude of that hole view- 
ed from the priſm. But that theſe circles may anſwer more dif- 
tinctly to that hole, a lens is to be placed by the priſm to caſt 
the image of the hole, (that is, every one of the circles ac, BH, 
&c.) diſtinctly upon the paper at PT; after ſuch a manner as by 
1 a lens, placed at a window, the ſpecies of objects abroad are caſt 
| | diſtinctly upon a paper within the room, and the rectilinear ſides 
= of the oblong ſolar image in the fifth Experiment became diſtinct 
without any penumbra. If this be done, it will not be neceſſary 
to place that hole very far off, no not beyond the window. And 
j | . therefore 
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therefore inſtead of that hole, I uſed the hole in the window into its con- 


ſhut as follows. 

Exper. 11; In the ſun's light let into my darkened chamber, 
through a ſmall round hole in my window-ſhut, at about ten or 
twelve feet from the window, I placed a lens, by which the image 
of the hole might be diſtinctly caſt upon a ſheet of white paper, 
placed at the diſtance of fix, eight, ten or twelve feet from the 
tens. For according to the difference of the lenſes I uſed various 
diſtances, which I think not worth the while to deſcribe. Then 
immediately after the lens I placed a priſm, by which the trajec- 
ted light might be refracted either upwards or ſideways, and 
thereby the round image, which the lens alone did caſt upon the 
paper, might. be drawn out into a long one with parallel fides, 
as in the third Experiment. This oblong image I let fall upon 
another paper, at about the fame diſtance from the priſm as be- 
fore, moving the paper either towards the priſm or from it, un- 
til I found the juſt diſtance where the rectilinear ſides of the im- 
age became moſt diſtinct. For in this caſe, the circular images 
of the hole which compoſe that image, after the ſame manner 
that the circles ag, b, ci, &c. do the figure pt [in fg. 23] were 
terminated moſt diſtinctly without any penumbra, and therefore 
extended into one another the leaſt that they could, and by con- 
ſequence the mixture of the heterogeneous rays was now the 
leaſt of all. By this means I uſed to form an oblong image (ſuch 
as is pz) [in Ag. 23 and 24] of circular images of the hole (ſuch 
as are ag, bb, ci, &c.) and by uſing a greater or leſs hole in the 
window-ſhut, 1 made the circular images-ag, bb, ci, &c. of which 

it was formed, to become greater or leſs at pleaſure, and thereby 
the mixture of the rays in the i mage ft to be as much or as little 
as I deſired. 

Illuftration. In the twenty- fourth figure, u repreſents the cir- 
cular hole in the window-ſhut; MN the lens whereby the image 
or ſpecies of that hole is caſt diſtinctly upon a paper at J; ABC 
the priſm, whereby the rays are, at their emerging out of the 
lens, refracted from j towards another paper at t, and the round 
image at ] is turned into an oblong image, pt, falling on that 
other paper. This image, pz, conſiſts of circles placed one after 
| 3 another 
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To another in a rectilinear order, as was ſufficiently explained in the 
fifth Experiment; and theſe circles are equal to the circle 3, and 
conſequently anſwer in magnitude to the hole ; and there- 
fore by diminiſhing that hole they may be at pleaſure diminiſh- 
ed, whilſt their centers remain 1n their places. By. this means 
I made the breadth of the image pt to be forty times, and ſome- 
times ſixty or ſeven times leſs than its length. As for inſtance, 
if the breadth of the hole r be one tenth of an inch, and Mr 
the diſtance of the lens from the hole be 12 feet; and if ps or 
pu the diſtance of the image þ7 from the priſm or lens be 10 
feet, and the Refracting angle of the priſm be 62 degrees, the 
breadth of the image pt will be one twelfth of an inch, and the 
length about fix inches; and therefore the length to the breadth 
as 72 to 1, and by conſequence the light of this image 71 times 
leſs compound than the ſun's direct light. And light thus far 
fimple and homogeneal, is ſufhcient for trying all the Experi- 
ments in this Book about Simple Light. For the compoſition of 
heterogeneal rays is in this light ſo little, that it is ſcarce to be 
diſcovered and perceived by ſenſe, except perhaps in the Indigo 
and Violet. For theſe, being dark colours, do eaſily ſuffer a ſer - 
{ible allay by that little ſcattering light, which uſes. to be refrac- 
ted irregularly by the inequalities of the priſm. 
Let inſteail of the circular hole x, it is better to ſubſtitute an 
oblong hole, ſhaped like a long parallelogram with its length pa- 
rallel to the priſm apc. For if this hole be an inch or two long, 
and but a tenth or twentieth part of an inch broad, or narrower: 
the light of the image pt will be as ſimple as before, or ſimpler, 
and the image will become much broader, and therefore more fit 
to have experiments tried in its light than before. 
Inſtead of this parallelogram- hole may be ſubſtituted a trian- 
gular one of equal ſides, whoſe baſe for inſtance is about the 
tenth part of an inch, and its height an inch or more. For by 
this means, if the axis of the priſm be parallel to the perpendi- 
cular of the triangle, the image pz [in g. 25] will now be form 
ed of equicrural triangles ag, bh, ci, dk, el, fin, &c. and innume- 
rable other intermediate ones anſwering to the triangular hole in 
ſhape and bigneſs, and lying one after another in a continual ſe- 


ries 


oo MA 2 b n ed wo ” 2», "1 44 WJ — * 5 — * LEY 8 o 
. 22J2ͤĩ;%Lͤ WP NO \ 
2 z n ; r 
. 


1 
14 
ji . g 
1 | 
$0308 
3 
ol | 
- 83 
1 
1 
n 
SN |. 
0 p 
1 
. TY 
. 
. 
#4 Y 
y 
441 
| 
at] 
0 
Ki 
1 
1 
r 
4 
"is 
5 4 
: 
F 
' 4 
? {4 
g 
2 
4 Y 
wy 
4 * 
= 5 
* 0 
* 
; : 
f $ 
5 P 
i 
* 
bt: | 
= + 
1 
"EI 
= 
it % 
"BS 
. 
3 ** 
. 
any 
11 
4 32 
*. 
47 
3 
1 
= 
'K 
* 
p 
T4 
. K 
. 
1 
1 
1 
} 1 
9 : 
F *: 


7 6 — oor con ft Wy. 1 =o 
i rs BOS err 
ra oo 9 — OR Or 


— 3 COS Re Ine a F 
** r 2 


* — 


— ww n 1 2 ˙ Ae EIA" n 


0 3 * n 923 as 3 pd ot - CT a a 2 
2 5 8 J r Per vs 4 * 2 
en 7 3 1 e 3 — by \ 


N ? wo 3 $ - . N [ 1 n n — NO x 
. c X N - p 2 * 8 5 Ne „3 939 : $5 =o 4 ya £006 Eo INS 
p 4 4 N 2 N. 4 « 8 3 - AZ * 2 wo at? "EI I z IS n rr 2 * 3 8 - 2 GT N 8 1 5 8 > << 5 1 *. * . — ey £ s b 2 + 6 - NE Fr. v = o ” * * * 
>> - 7 2 1 C "Ho DIO SOR * 8 2 —— ow ES 3 78 3 1 8 It II 1 n 7 8 TORE SE 4 A 4 be : » — 8 — boy — 5 =; a 
4 \ 9 r , Se 3 IL. . or IP) DL n 2 r "2% * 4 * e aeg 5 Nen f 0 = * "35 4 rr e * 8 ag + 4 } 7 - 41 "he = * Wore”; \ q * — WY 1 * * N 2 = 3.8 2 3 
Poo on ee LEI PEAS e EAI A Er i OE p ⁊ð e d en bs Co nn 4s . 3222 ED ON ITS, NE I 6 TM 3 N 


Pau IJ. 


ries between two parallel lines af and em. Theſe triangles are a into its con- 
little intermingled at their baſes, but not at their vertices ; and 


therefore the light on the brighter ſide af of the image, where 
the baſes of the triangles are, is a little compounded, but on the 
darker fide gm is altogether uncompounded, and in all places be- 
tween the ſides the compoſition is proportional to the diſtances of 
the places from that obſcurer ſide g/. And having a ſpectrum 
t of ſuch a compoſition, we may try experiments either in its 
ſtronger and leſs ſimple light near the ſide af, or in its weaker 
and ſimple. light near the other fide in, as it ſhall ſeem moſt con- 
yement. | | 

But 1n bing experiments of this kind the chamber ought 
to be made as dark as can be, leſt any foreign light mingle itſelf 


with the light of the ſpectrum pt, and render it compound; 


eſpecially if we would try experiments in the more ſimple light 

next the ſide g/m of the ſpectrum ; which being fainter, will 
have a leſs proportion to the foreign light, and ſo, by the mix- 
ture of that light, be more troubled and made more compound. 
The lens alſo ought to be good, ſuch as may ſerve for Optical 
uſes; and the priſm ought to have a large angle, ſuppoſe of 65 

or 70 degrees, and to be well wrought, being made of glaſs free 
from bubbles and veins, with its ſides not a little convex or con- 
cave, as uſually happens, but truly plane, and its poliſh .elabo- 
rate, as in working Optick-glafſes, and not ſuch as is uſually 


_ wrought with putty; whereby the edges of the ſand-holes being 


worn away, there are left all over the glaſs a numberleſs compa- 
ny of very little convex polite riſings, like waves. The edges 
alſo of the priſm and lens, ſo far as they may make. any irregu- 
lar refraction, muſt be covered with a black paper glewed on. 
And all the light of the ſun's beam let into the chamber, which: 
is uſeleſs and unprofitable to the Experiment, ought to be inter- 
cepted with black paper, or other black obſtacles. For otherwiſe 
the uſeleſs light, being reflected every way in the chamber, wall 
mix with the oblong ſpectrum, and help to diſturb it. In trying 
theſe things ſo much diligence is not altogether neceſſary, but it 
will promote the ſucceſs of the Experiments, and by a very ſcru- 
pulous examiner of things deſerves to be applied. It is difficult 
| | to 


ſtituent Parts. 


Regular Re- 
fraction of 


Light. 


to get glaſs-priſms fit for this purpoſe, and therefore I uſed ſome- 


Homogeneal proved in the fifth Experiment, and will farther appear by the 


this paper I cauſed the ſpectrum of Homogeneal Light, deſcrib- 


than the breadth; but the other circle illuminated with Homo- 
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times Priſmatick Veſſels, made with pieces of broken looking- 
glaſſes, and filled with rain-water. And to increaſe the refrac- 
tion, I ſometimes im RR the water n gly with Sacebarum 
Sdtuyni. 


Y R OP. V. THE OR. IV. 


Homo oeneal Light is e regularly, without any dilatat HO 
Splitting, or ſhattering of the rays; and the confuſed Viſion of ob- 
fears, ſeen through reſracting bodies by heterogeneal light, ariſes 
from the different Refrangibility of Jever al forts of rays. 


The firſt part of this Propoſition has been already ſufficiently 


Experiments which follow. 
Exper. 12. In the middle of 4 black paper 1 winds a round 
hole, about a fifth or ſixth part of an inch in diameter. Upon 


ed in the former Propoſition, ſo to fall, that ſome part of the 
light might paſs through the hole of the paper. This tranſmit- 
ted part of the light I refracted with a priſm placed behind the 
paper, and letting this refracted light fall perpendiculayly upon 
a white paper, two or three feet diſtant from the priſm, I found 
that the ſpectrum formed on the paper by this light was not ob- 
long, as when it is made (in the third Experiment) by refracting 
the ſun's compound light, but was (ſo far as I could judge by 
my eye) perfectly circular, the length being no greater than the 
breadth. Which ſhews that this light is refracted * 
without any dilatation of the rays. | 

Exper. 13. In the Homogeneal Light I placed a paper-cirele of | 
a quarter of an inch in diameter, and in the ſun's unrefracted 
Heterogeneal White Light I placed another paper-circle of the 
ſame bigneſs. And going from the papers to the diſtance of ſome 
feet, I viewed both circles through a priſm. The circle illumi- 
nated by the ſun's Heterogeneal Light appeared very oblong, - as 
in the fourth Experiment, the length being many times greater 
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geneal Light appeared circular and diſtinctly defined, as when it-is 
viewed with the * eye. Which proves the whole Propo- 


in the latter, could ariſe from nothing elſe than from that diffe- 


oP TI S. 1 


ſition. _ 

Exper. 14. In the Homogeneal Light I placed flies, and ſuch 
like minute objects, and viewing them through a priſm, I ſaw 
their parts as diſtinctly defined, as if I had viewed them with the 
naked eye. The ſame objects placed in the ſun's unrefracted He- 
terogeneal Light, which was white, I viewed alſo through a priſm, 
and ſaw them moſt confuſedly defined, ſo that I could not diſtin- 
guiſh their ſmaller parts from one another. I placed alſo the let- 
ters of a ſmall print one while in the Homogeneal Light, and 
then in the Heterogeneal ; and viewing them through a priſm, 
they appeared, in the latter caſe, ſo confuſed and indiſtinct that I 
could not read them; but in the former, they appeared ſo diſ- 
tinct that I could read readily, and thought I ſaw them as diſtinct, 
as when I viewed them with my naked eye. In both caſes I 
viewed the ſame objects, through the ſame priſm, at the ſame 
diſtance from me, and in the ſame ſituation. There was no dif- 
ference but in the light, by which the objects were illuminated, 
and which in one caſe was ſimple, and in the other compound; 
and therefore the diſtinct viſion in the former caſe, and confuſed 


rence of the lights. Which proves the whole Propoſition. 
And in theſe three Experiments it is farther very remarkable, 


that the colour of Homogeneal Light was never * W. the 
refraction. ; 


PROP. VI T H E O R. v. 


The fine of Incidence of every ray confidered apart, is to ils ff ne ? of 
Refraction in a given ratio. 


That every Ray, conſidered apart, is conſtant to itſelf in f_ ho Ges wm 


gree of refrangibility, is ſufficiently manifeſt out of what bras tween the 


ſines or inci- 


been ſaid. Thoſe rays which in the firſt refraction are, at equal dence and 


incidences, moſt refracted, are alſo in the following refractions, ton. 


at equal incidences, moſt refracted; and ſo of the leaſt refran- 


gible, and the reſt which have any mean degree of refrangibili- 
VoL. IV. H ty 7 
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portions be- 
tween the 
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ty, as is manifeſt by the fifth, fixth, ſeventh, and eighth, and 


ninth Experiments. And thoſe which the firſt time, at like in- 
cidences, are equally refracted, are again at like incidences equally 


and uniformly refracted; and that, whether they be refracted be- 


fore they be ſeparated from one another, as in the fifth Experi- 
ment; or whether they be refracted apart, as in the twelfth, 
thirteenth and fourteenth Experiments. The refraction there- 


fore of every ray apart is regular, and what nat that refraction 


_ obſerves we are now to ſhew. 


The late Writers in Opticks teach,. that the fines of Wilen 


are in a given proportion to the ſines of refraction, as was ex- 
plained in the fifth Axion: and ſome, by inſtruments fitted for 
meaſuring of refractions, or otherwiſe experimentally examining 
this proportion, do acquaint us that they have found it accurate. 


But whilſt they, not underſtanding the different refrangibility of 


ſeveral rays, conceived them all to be refracted according to one 


and the ſame proportion, it is to be preſumed that they adapted 
their meaſures only to the middle of the refracted light; ſo that 
from their meaſures we may conclude only, that the rays which 


have a mean degree of refrangibility, that is thoſe which, when. 


ſeparated from the reſt, appear Green, are refracted according to 


a given proportion of their ſines. And therefore we are now to 
ſhew that the like given proportions obtain in all the reſt. That 


it ſhould be ſo is very reaſonable, Nature being ever conformable 


to herſelf: but an experimental proof is deſired. And ſuch a. 

proof will be had, if we can ſhew that the ſines of refraction of 
rays differently refrangible are one to another: in a given propor- 
tion, when their ſines of incidence are equal. For if the ſines 


of refraction of all the rays are in given proportions to the ſine 


of refraction of a ray which has a mean degree of refrangibili- 
ty, and this ſine is in a given proportion to the equal ſines of in- 
cidence, thoſe other ſines of refraction will alſo be in given pro- 
portions to the equal ſines of incidence. Now when the ſines of 
incidence are equal; it will appear by the following Experiment 


2 that — ſines of refraction are in a given Proportion to one an- 


Exper. 
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Exper. 1 5. The ſun ſhining into a dark chamber through A fines of bel. 
little round hole in the window-ſhut, let s [in Vg. 26.] repreſent ; Refrattion, | 


his round white image painted on the oppoſite wall by his direct 
light; PT, his oblong coloured image made by refracting that 
light with a priſm placed at the window; and pt, or 2p27, or 
35 zt, his oblong coloured image made by refracting again the 
ſame light ſideways, with a ſecond priſm placed immediately af- 
ter the firſt in a croſs poſition to it, as was explained in the fifth 
Experiment: that is to ſay, pt when the refraction. of the ſecond 
priſm is ſmall, apart when its refraction is greater, and 3p 37 
when it is greateſt. For ſuch will be the diverſity of the refrac- 
tions if the Refracting Angle of the ſecond priſm be of various 
magnitudes; ſuppoſe of fifteen or twenty degrees, to make the 
image pt; of thirty or forty, to make the image 2p27; and of ſix- 
ty, to make the image 3Þ37. But for want of ſolid glaſs-priſms 
with angles of convenient bigneſſes, there may be veſſels made 
of poliſhed plates of glaſs, cemented together in the form of priſms, 
and filled with water. Theſe things being thus ordered, I ob- 
ſerved that all the ſolar images or coloured ſpectrums PT, pt, 2Þ27, 
3Þ3t did very nearly converge to the place, s, on which the di- 
rect light of the ſun fell, and painted his white round image, 
when the priſms were taken away, The axis of the ſpectrum 
pT, that is the line drawn through the middle of it parallel to its 
rectilinear ſides, did, when produced, pals exactly through the 
middle of that white round image s. And when the refraction 
of the ſecond priſm was equal to the refraction of the firſt, the 
Refracting Angle of them both being about 60 degrees, the axis 
of the ſpectrum 3þp37 made by that refraction, did, when pro- 
duced, paſs alſo through the middle of the ſame white round 
image s. But when the refraction of the ſecond priſm was leſs - 
than that of the firſt, the produced axes of the ſpectrums, ip, 
or 2712p, n. ade by that refraction did cut the produced axis of the 
ſpectrum TP in the points h and u, a little beyond the center of 
that white round Image s. Whence the proportion of the line 
37zT to the line 3pP was a little greater than the proportion of 227 
to 2pe, and this proportion a little greater than that of tr to pp. 
Now when the light of the ſpectrum PT falls E 
. a r 
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Given pro- upon the wall, thoſe lines 3 r, 3ÞP, and 27T, 25 and 7 T, PP, 


are the tangents of the refractions; and therefore by this Expe- 
riment the proportions of the tangents of the refractions are ob- 
tained, from whence the proportions of the fines being derived, 
they come out equal, ſo far as by viewing the ſpectrums, and 


. uſing ſome mathematical reaſoning, I could eſtimate. For I 


did not make an accurate computation. So then the Propoſttion 


holds true in every ray apart, ſo far as appears by Experiment. 


And that it is accurately true, may be demonſtrated upon this 


ſuppoſition. Tha? bodies refraci ligbi by acting upon its rays in 


lines perpendicular to their ſurfaces. But in order to this demon- 
ſtration, I muſt diſtinguiſh the motion of every ray into two mo- 
tions, the one perpendicular to the refracting ſurface, the other 
parallel to it, and concerning the perpendicular motion lay down 
the following Propoſition. 
If any motion or moving thing whatſoever be incident, with 
any velocity, on any broad and thin ſpace, terminated on both 


ſides by two parallel planes; and, in its paſſage through that ſpace, 


be urged perpendicularly towards the farther plane, by any force 


which at given diſtances from the plane is of given quantities; 


the perpendicular velocity of that motion or thing, at its emerg- 
ing out of that ſpace, ſhall be always equal to the ſquare root of 
the fum of the fquare of the perpendicular velocity of that mo- 
tion or thing, at its incidence on that fpace, and of the ſquare of 
the perpendicular velocity which that motion or thing would have 
at its emergence, if, at its incidence, its perpendicular velocity was 
infinitely little. , 

And the ſame Propoſition holds true of any motion or thing 
perpendicutarly retarded in its paſſage through that ſpace, if in- 
ftead of the ſum of the two ſquares you take their difference. 


The demonſtration Mathematicians will eafily find out, and 


therefore I ſhall not trouble the reader with it (8). 
Suppoſe now that a ray coming moſt obliquely in the line mc 
in 
() See the figure of the xcvth Propoſi tion of the firſt book of the Principia. 


In that figure A and 14 are equal. Alſo TH and 1x. Gn and 1K are as the whole velocities 
of the incident and emergent ray. Therefore GA and — are as the perpendicular velocities of 


incidence and emergence. But -V 14 — 14 = — AB = Vrk⸗ — GH" GA. Hence if 
| | 6A, 
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[in g. I. ] be refracted at c by the plane ns into the line o; and fines of Inci- 


- . ; : : d d 
if it be required to find the line cx, into which any other ray Refradtien. 


ac ſhall be refracted, let mc, ap, be the fines of incidence of 
the two rays, and NG, EF, their ſines of refraction ; and let the 
equal motions of the incident rays be repreſented by the equal 
lines MC and Ac; and the motion Me being conſidered as parallel 
to the refracting plane, let the other motion ac be diſtinguiſhed 
into two motions AD and Dc; one of which ap is parallel, and 
the other pc perpendicular to the refracting ſurface. In like 


manner, let the motions of the emerging rays be diſtinguiſhed 


. M 
into two; whereof the perpendicular ones are co and 77 CF, 


NG 
And if the force of the refracting plane begins to act upon the 


rays either in that plane, or at a certain diſtance from it on the 
one ſide, and ends at a certain diſtance from it on the other ſide, 
and in all places between thoſe two limits acts upon the rays in 
lines perpendicular to that refracting plane, and the actions upon 
the rays at equal diſtances from the refracting plane be equal, and 
at unequal ones either equal or unequal according to any rate 
whatever: that motion of the ray, which is parallel to the refrac- 
ting plane, will ſuffer no alteration by that force; and that motion, 
which is perpendicutar to it, will be altered according to the rule 
of the foregoing Propoſition. If therefore for the perpendicular 


; | TVs | -. MC 
velocity of the emerging ray, eN, you write cd, as above; then 


NG 
the perpendicular velocity of any other emerging ray, CE, which 
was = CF, will be equal to the ſquare root of CDq + _ CGq- 
And by ſquaring theſe equals, and adding to them the equals aÞq 
and mcq—epg, and dividing the ſums by the equals cFq+EFgq, and 


CGq+NG9, you Will have Ff equal to N Whence Ap, the ſine 
of incidence, is to EF the fine of refraction, as mc to NG, that 
is, in a given ratio. And this demonſtration being general, 
without determining what light is, or by what kind of force it is 
refracted, or aſſuming any thing farther than that the refracting 


6A, the perpendicular velocity of incidence, be gradually diminiſhed till it be reduced to nothing; 


xd, the perpendicular velocity of emergence, becomes ultimately equal to Vn - H=. And in 
any given magnitude of Ga, K is equal to the ſquare root of the tum of the ſquare of that its 
ultimate quantity and the ſquare of GA. And this is what Newton here affirms. 
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the different 
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body acts upon the rays in lines perpendicular to its ſurface ; I 
take it to be a very convincing TIER of the full truth of this 
Propoſition (). 
So then, if the ratio of the ſines of incidence and refraction 
of any ſort of rays be found in any one caſe, it is given in all 


caſes; and this may be . found by the method in The fol- 
lowing Propoſition. 


r RO P. Mu. THEOR: VI. 


The perfection of Te eleſcopes 170 impeded by tbe at geren e 
of the rays of ligbt. 


The imperfection of Teleſcopes is vulgarly attributed to the 
Spherical Figures of the glaſſes, and therefore Mathematicians 
have propounded to figure them by the Conical Sections. To 
ſhew that they are miſtaken, I have inſerted this Propoſition ; 


the truth of which will appear by the meaſures of the refractions 


of the ſeveral forts of rays; and theſe meaſures I thus deter- 
mine. 


In the third Experiment of this firſt Part, where the W 


Refrattionsof ting Angle of the priſm was 623 degrees, the half of that an- 


the extreme 


Rays. 


gle 31 deg. 15 min. is the angle of incidence of the rays, at their 


going out of the glaſs into the air (i); and the fine of this angle 
is 5188, the radius being 10000. When the axis of this priſm 


was parallel to the horizon, and the refraction of the rays, at their 


incidence on this priſm, equal to that at their emergence out of it, 


1 obſerved with a quadrant the angle, which the mean refrangible 


rays (that is, thoſe which went to the middle of the ſun's. colour- 


ed image) made with the horizon ; and by this angle and the ſun's 
altitude obſerved at the ſame time, I found the angle which the 


.emergent rays contained with the incident to be 44 deg. and 40 
min. and the half of this angle added to the angle of incidence 


31 deg. 15 min. makes the angle of refraction (D, which is 
therefore 53 deg. 35 min. and its ſine 8047. Theſe are the ſines 


f (59 Thi Propoſition.1s. the xcivth of the firſt book of the * where it is more elegant- 
Ly prove | 


(') Vide Left. Opt. Part I. § 31. Lem. I, 


3 


of 


part 1. OP TI aS. 


of incidence and refraction of the mean refrangible rays, and ro meaſure 


- 2 . 4 8 the different 
their proportion in round numbers is 20 to 31. This glaſs was Reffactiomof 


of a colour inclining to green. The laſt of the priſms men- 1 


* tioned in the third Experiment was of clear white glaſs. Its Re- 
fracting Angle 63; degrees. The angle, which the emergent 
rays contained with the incident, 45 deg. 50 min. The ſine of. 
half the firſt angle 5262. The fine of half the ſum of the an- 
gles 8 157. And their proportion in round numbers 20 to 31, 
as before. 2 . 
From the length of the image, which was about gi or 10 
inches, ſubduct its breadth, which was 25 inches, and the re- 
mainder 74 inches would be the length of the image, were the 
ſun but a point; and therefore ſubtends the angle which the moſt 
and leaſt refrangible rays, when incident on the priſm in the ſame 
lines, do contain with one another after their emergence. Whence 
this angle is 2 deg. o“. 7”. For the diſtance between the image 
and the priſm, where this angle is made, was 185 feet, and at 
that diſtance the chord, 74 inches, ſubtends an angle of 2 deg. 
ol. /. Now halt this angle is the angle which theſe emergent. 
rays contain with the emergent mean refrangible rays, and a- 
quarter thereof, that is 300. 2”, may be accounted the angle which 
they would contain with the ſame emergent mean refrangible 
rays, were they co- incident to them within the glats, and ſuffer- 
ed no other refraction than that at their emergence. For if two 
equal refractions, the one at the incidence of the rays on the 
priſm, the other at their emergence, make half the angle 2 deg. 
. 17”; then one of thoſe re fractions will make about a quarter. 
of that angle; and this quarter added to and ſubducted from the 
angle of refraction of the mean refrangible rays, which was 83 
deg. 35, gives the angles of refraction of the moſt and leaſt re- 
frangible rays 54 deg. 5/. 2”, and 53 deg. 4“. 58“, whoſe fines: 
are 8099 and 7995, the common angle of incidence being 31 
deg. 1 5/ and its fine 5188; and theſe ſines, in the leaſt round 
numbers, are in proportion to one another, as 78 and 77 to 
50 (). 

(*) Left, Opt. Part I. $ 31. Lem. II. 

(') Lect. Opt. Part I. & 32. 

| Now 
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Now if you ſubduct the common fine of incidence, 50, from 
the ſines of refraction, 77 and 78 3 ; the remainders, 27 and 28, 

ſhew that in ſmall refractions the refraction of the leaſt refrangi- 

ble rays is to the refraction of the moſt refrangible ones as 27 


to 28 very nearly, and that the difference of the refractions of 


the leaſt refrangible and moſt refrangible rays is about the 274th 
part of the whole refraction of the mean refrangible rays. 

Whence they that are skilled in Opticks will eaſily underſtand, 
that the breadth of the leaſt circular ſpace, into which object. 
glafſes of teleſcopes can collect all ſorts of parallel rays, 1s about 
the 272th part of half the aperture of the glaſs, or 5 5th part 
of the whole aperture (m); and that the focus of the moſt re- 
frangible rays is nearer to the object-glaſs than the focus of the 
leaſt refrangible ones, by about the 27;th part of the diſtance 
between the object- glaſs and the focus of the mean — 
ones. = 

Andif rays of all ſorts, flowing from any one lucid point in 
the axis of any convex lens, be made, by the refraction of the 


Imperfection 
of Teleſcopes. 


lens, to converge to points not too remote from the lens, the fo- 


5 f cus ef the moſt refrangible rays ſhall be nearer to the lens, than 
| the focus of the leaſt refrangible ones, by a diſtance which is to 
TY 1 „ 


( Lett. Opt. Part I. Prop. xxxv11. 


(% IMAGINE that Heterogeneal Rays, flowing from a lucid point L, in LA the axis of a ſpherical 
lens ad, fall upon the edge of the lens at b; and that they are refracted by the lens ſo as to meet the 
axis, the moſt refrangible in k, _ leaſt refrangible in &, and thoſe of the mean refrangibility in ex. 


Newton affirms that KE is to 752 FA as LF to LA, very nearly; provided the diſtance FA be not 

} | ; . | too great. And this we thus demon- 
| | ſtrate, From the point of incidence, 
D, draw DE perpendicular to the axis 
of the lens. Through r draw yr pa- 
rallel with DE; and let re meet the 
direct ray, LD, produced in r, and the 
refracted rays, vi and Dk, in o and 
a: Now if the diſtance ya be not 
vaſlly great, xy and ke will be very 
nearly equal; alſo or and ra; oq will be the leaſt breadth of the circular ſpace, in which 
1 EN the lens pa collects the heterogeneal rays emitted from 1, and ro or Fq half that leaſt 
| breadth. (Lect. Opt. Part I. Prop. xxxv11.) But becauſe the lines ro and px are parallel, 
therefore &r : kE = Fo: DE, Alſo KF: KE = Fq or Fo: DE, Therefore r A kr or k: ke + 
KE =FO: DE. But KF and Er being equal, IE +KE'is twice FE. And if the lens pa be but a 
ſmall portion of its ſphere, twice Fe will not ſenſibly exceed twice Fa. Hence kx: 2714 = 
ro: DE very nearly, And by conſequence kx: TAO or o: DE. But oqQ bears to DE a pro- 


portion 
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of oq to r, and of Lr to LE 


PART I. oO P. T 1 © K. 
the 272th part of the diſtance of the focus of the mean refran- of Teleſcopes. 


gible rays from the lens; as the diſtance between that focus and 


the lucid point from whence the rays flow, is to the diſtance be- 


tween that lucid point and the lens very nearly (n). 

Now to examine whether the difference between the refrac- 
tions, which the moſt refrangible and the leaſt refrangible rays, 
flowing from the ſame point, ſuffer in the object-glaſſes of tele- 
ſcopes and ſuch like glaſſes, be ſo great as is here dd 1 
contrived the following Experiment. 

Exper. 16. The lens which I uſed in the ſecond and eighth 
Experiments, being placed fix feet and an inch diſtant from any 
object, collected the ſpecies of that object, by the mean refrangi- 
ble rays, at the diſtance of ſix feet and an inch from the lens on 


the other ſide. And therefore by the foregoing rule it ought to 


collect the ſpecies of that object, by the leaſt refrangible rays, at 
the diſtance of fix feet and 35 inches from the lens; and by the 
moſt refrangible ones, at the diſtance of five feet and I 0; inches 
from it : ſo that between the two places, where theſe leaſt and 
moſt refrangible rays collect the ſpecies, there may be the diſ- 
tance of about 5 inches, For by that rule, as fix feet and an 
inch (the diſtance of the lens from the lucid object) is to twelve 
feet and two inches (the diſtance of the lucid object from the fo- 
cus of the mean refrangible rays) that is, as one is to two, ſo is 
portion N of the proportions of oQ to re, and of ry to DE; i. e. of the proportions 

. But taking the proportions of the ſines of refraction of the ſe- 
veral rays, which are refrangib e in the greateſt, leaſt, and mean degree, as they are here ſtated, 


follows, from what is ſhewn in the xxxv11ith Prop. of Lect. Opt. Part I, that o bears to re 
the proportion of 1 to 27,5. Therefore the proportion of oq_to DE 1s compounded of the pro- 


Portions of 1 to 27,5, and of LF to LE. And the proportion of x to ra being the ſame, or 


very nearly the ſame with that of oq to DE, is compounded of theſe ſame propor tions. Thar 
is, KF: FAZI : 27,6 LF: LE, But again, if the lens Da be a very ſmall portion of a ſphere, 
LE will not be ſenſibly leſs than LA, and the proportions of LF to LE and LA will not be ſenfibly 
different. Hence k: TAS= I: 2/6 T LT LA very nearly. That is, K: ALF: 27,5 LA very 


nearly, By equality xx: 777 rA ZZ LF : LA very nearly. Q. E. D. 
27 ey 

If the diſtance rA be ſo great, that xr and & become ſenſibly unequal ; the aten of x to 
A, here ſtated, will no longer ſubliſt, 


Cor. If the lucid point be removed farther and farther from the lens; che proportion of LF 


and La, and of conſequence that of xt and — xa, approaches to equality ; and ultimately 
i | 


7 


when the ray LD . parallel to the auh. LF, LA become equal, and KR = == rA, juſt as 
i 775 
Newton affrms. E 
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Imperſection the 27th part of fix feet and an inch (the diſtance between. the 


* 


235 


lens and the ſame focus) to the diſtance between the focus of the 


moſt refrangible my and. the focus of the leaſt refrangible ones; 
which is therefore 5:4 inches, that is very nearly 55 inches. Now 
to know whether this meaſure was true, I repeated the ſecond: 
and eighth Experiment with coloured light, which. was leſs com- 


pounded than that I there made uſe of: for I now ſeparated the 


heterogeneous rays one from another, by the method I deſcribed: 


in the eleventh Experiment; ſo as to-make a coloured ſpectrum 


about twelve or fifteen times longer: than broad. This fpectrum: 


I caſt on a printed book, and placing the abovementioned lens at 


the diſtance of ſix feet and an inch from this ſpectrum, to-col-- 


lect the ſpecies of the illuminated letters at the ſame diſtance on: 
the other ſide; I found that the ſpecies of the letters illuminated: 
with Blue were nearer to the lens; than thoſe illuminated with: 
deep Red, by about three inches, or three and a quarter: but the 


ſpecies of the letters illuminated with Indigo and Violet appeared 
fo confufed and indiſtinct, that I could not read them. Where- 


upon viewing the priſm, I found it was full of veins: running. 


from one end of the glaſs to the other; ſo that the refraction 
could not be regular. I took another priſm therefore which was 
free from veins ;. and inſtead of the letters I- uſed* two or three 


parallel black lines, a little broader than the ſtroaks of the let- 


ters; and caſting the colours upon. theſe lines, in ſuch. manner. 
that the lines ran along the colours from one end of. the ſpectrum 
to the other; I found the focus where the Indigo, or confine - 
of this colour and Violet, caſt the ſpecies: of the black lines: moſt: 
diſtinctly, to be about four inches or 44 nearer to the lens, than 
the focus where the deepeſt Red caſt the ſpecies of the ſame black 


lines moſt diſtinctly. The Violet was ſo faint. and dark, that I: 


could not diſcern the ſpecies of. the lines diſtinctly by that co- 
lour ; and therefore confidering that the priſm was made of a 
dark coloured glaſs inclining to Green, I took. another priſm of 
elear white glaſs; but the ſpectrum of colours, which this priſm 
made, had long white ſtreams of faint light ſhooting out from 
both ends of the colours ; which made me conclude that ſomę- 


thing was amiſs: and — the priſm, 1 found two or three 


little 
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little bubbles in the glaſs which refracted the light irregularly. of Teleſcopes. 
Wherefore I covered that part of the glaſs with black paper; and 


letting the light paſs through another part of it, which was free 
from ſuch bubbles, the ſpectrum of colours became free from 


thoſe irregular ſtreams of light, and was now ſuch as I deſired. 
But till I found the Violet ſo dark and faint, that I could ſcarce 
ſee the ſpecies of the lines by the Violet, and not at all by the 
deepeſt part of it, which was next the end of the ſpectrum. I 
ſuſpected therefore that this faint and dark colour might be al- 
layed by that ſcattering light, which was refracted and reflected 
irregularly, partly by ſome very ſmall bubbles in the glaſſes, and 
partly by the inequalities of their poliſh : which light, though it 


was but little, yet it being of a White colour, might ſuffice to 
affect the ſenſe ſo ſtrongly, as to diſturb ths phenomena of that 
weak and dark colour the Violet; and therefore I tried, as in the 
12th, 13th and 14th Experiments, whether the light of this co- 
lour did not conſiſt of a ſenſible mixture of heterogeneous rays, 
but found i: did not. Nor did the refractions cauſe any other 

ſenſible colour than Violet to emerge out of this light; as they 


would have done out of White light, and by conſequence out of 


this Violet Light, had it been ſenſibly compounded with White 
Light. And therefore I concluded, that the reaſon why I could 
not ſee the ſpecies of the lines diſtinctly by this colour, was only 
the darkneſs of this colour and thinneſs of its light, and its diſ- 


tance from the axis of the lens; I divided therefore thoſe parallel 


black lines into equal parts, by which might readily know the 
diſtances of the colours in the ſpectrum from one another; and 
noted the diſtances of the lens from the foct of ſuch colours as 
caſt the ſpecies of the lines diſtinctly: and then conſidered, whe- 
ther the difference of thoſe diſtances bear ſuch proportion to 53 
inches, the greateſt difference of the diſtances which the foci of 
the deepeſt Red and Violet ought to have from the lens, as the 
diſtance of the obſerved colours from one another in the ſpectrum 
bear to the greateſt diſtance of the deepeſt Red and Violet mea- 
ſured in the rectilinear ſides of the ſpectrum; that is, to the 
length of thoſe ſides, or exceſs of the length of the ſpectrum 


above its breadth,” And my obſervations were as follows. 


I 2 When 


= GG FF T ix 0 K Book I. 
lmperfection When I obſerved and compared the deepeſt ſenſible Red, and 
the colour in the confine of Green and Blue, which at the rec- 
tilinear ſides of the ſpectrum was diſtant: from it half the length 
of thoſe ſides; the focus where the confine of Green and Blue 
caſt the ſpecies of the lines diſtinctly on the paper, was nearer 
to the lens, than the focus where the Red caſt thoſe lines diſtinct- 
ly on it, by about 25 or 24 inches. For ſometimes the meaſures 
were a little greater, ſometimes-a little leſs, but ſeldom varied 
from one another above + of an inch. For it was very difficult 
to define the places of the foci, without ſome little errors. Now 
if the colours diſtant half the length of the image (meaſured at 
its rectilinear ſides) give 2+ or 24 difference of the diſtances of 
their foci from the lens, then the colours diſtant the whole length. 
ought to give 5 or 5+ inches difference of thoſe diſtances. 
But here it is to be noted, that I could not ſee the Red to the 
full end of the ſpectrum, but only to the center of the femicir- 
cle which bounded that end, or a little farther; and therefore I 
compared this Red not with that colour which was exactly in the- 
middle of the ſpectrum, or confine of Green and Blue, but with. 
that which converged a little more to the Blue than to the Green.. 
And as I reckoned the whole length of the colours not to be the 
whole length of the ſpectrum, but the length of its rectilinear 
ſides, fo completing the femicircular ends into circles, when ei- 
ther of the obſerved colours fell within thoſe circles, I meaſured. 
the diſtance of that colour from the ſemicircular end of the ſpec-- 
trum; and ſubducting half this diſtance from the meaſured diſ-- 
tance of the two colours, E took the remainder for their corrected: 
diſtance; and in theſe obſervations fet down this corrected diſ- 
tance for the difference of the diſtances of their foci from the 
lens. For as the length of the rectilinear fides of the ſpectrum 
would be the whole length of all the colours, were the circles, of. 
which (as we ſhewed) that ſpectrum conſiſts, contracted and re- 

_ duced to phyſical points; ſo in that caſe this corrected diſtance 
would be the real diſtance of the two obſerved: colours. 
When therefore I farther obſerved the deepeſt ſenſible Red,. 
and that Blue whoſe corrected diſtance from it was parts of the 
length of the rectilinear ſides of the ſpectrum, the. difference of 
f | the 
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the diſtances of their foci from the lens was about 33 inches: and of Teleſcopes 


as 7 to 1 2 ſo is 34 to 5+. 

When I obſerved the 3 ſenſible Red, and that Indigo 
whoſe corrected diſtance was r or of the length of the recti- 
linear ſides of the ſpectrum; 3 difference of the diſtances of 
their foci from the lens was about 33 inches: and as 2 to 3 fo is 
37 to 55. 

When J obſerved the Jeepelt ſenſible Red, and that _ In- 
digo whoſe corrected diſtance from one another was 2; or 4 of the 
length of the rectilinear ſides of the ſpectrum; the differe e of 
the diſtances of their foci from.the lens. was about 4 inches: and 
as 3. to 4 ſo is 4 to 55. 

When I. obſerved the deepeſt ſenſible Red, and that part of 
the . next the Indigo, whoſe corrected diſtance from the Red 
was 12 Or + of the length: of the rectilinear. ſides of the ſpeo- 
trum; = difference of the diſtances of their. foci from the lens: 
was about: 4; inches: and as 5 to 6, ſo is 4; to 55. For ſome 
times when the lens was advantageouſly placed, fo that its axis 
reſpected the Blue, and all things elſe were well ordered, and the 
ſun ſhone clear, and I held my eye very near to the paper on 
which the lens caſt. the ſpecies of the lines, I could ſee pretty 
diſtinctly the ſpecies. of thoſe lines by that part of the Violet 
which was next the Indigo ;: and ſometimes I could ſee them by 
above half the Violet. For in making. theſe Experiments I had 
obſerved, that the ſpecies of thoſe colours only appear diſtinct, , 
which were in or near the axis of the lens: ſo that if the Blue 
or Indigo were in the axis, I: could ſee their ſpecies. diſtinctly; 
and then the Red appeared much leſs diſtinct than before. Where- 
fore L contrived to make the ſpectrum of colours ſhorter than be- 
fore; ſo that both its ends might be nearer to the axis of the 
lens. And now its length was about 2+ inches, and breadth 
about q or + of an inch. Alſo inſtead of the black lines on. 
which the tpectrum was caſt, I made one black line broader than 
thoſe,. that I might ſee its ſpecies more eaſily; and this line I.di- 
vided by ſhort croſs lines into equal parts, for meaſuring the diſ- 
tances of the obſerved colours. And now I could ſometimes ſee 
the ſpecies of this line with its diviſions almoſt as. far as the center 
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Imperfection Of the Gamiicircular Violet end of the 3 and made * 


better with them, than it did with me. 


farther obſervations. 

When 1 obſerved the deepeſt ſenſible Red, and that part of the 
Violet whoſe corrected diſtance from it was about ; parts of the 
rectilinear ſides of the ſpectrum; the difference of the diſtances 
of the foci of thoſe colours from the lens, was one time 43, an- 
other time 43, another time 47 inches: and as 8 to 9, ſo are 43, 
45 45 to 54, 53 537 reſpectively. 

When I obſerved the deepeſt ſenſible Red, and deepeſt ſenſible 
Violet (the-corrected diftance of which -colours when all things 
were —_ to _ beſt advantage, and the ſun ſhone very clear, 
was about 1 or ++ parts of the length of the rectilinear ſides of 
the coloured ſpectrum) I found the difference of the diſtances of 


their foci from the lens ſometimes 4, fometimes 34, and for the 
moſt part 5 inches, or thereabouts: 


and as Il to 12, or 15 to 
16, ſo is 5 inches to 5+ or 5+ inches. 


And by this progreſſion of Experiments I ſatisfied myſelf, that 
had the light at the very ends of the ſpectrum been ſtrong 
enough to make the ſpecies of the black lines appear plainly on 
the paper, the focus of the deepeſt Violet would have been found 


nearer to the lens, than the focus of the deepeſt Red, by about 
55 inches at leaſt, And this is a farther evidence, that the fines 
of incidence and refraction of the ſeveral ſorts of rays, hold the 
{ſame proportion to one another a in the ſmalleſt inc which 


they do in the greateſt. 
My progreſs in making this nice and troubleſome Experiment 


I have ſet down more at large, that they, that ſhall try it after me, 
may be aware of the circumſpection requiſite to make it ſucceed 
well. And if they cannot make it {ſucceed ſo well as I-did, they 
may notwithſtanding collect, by the proportion of the-diſtance of 
the colours of the ſpectrum to the difference of the diſtances of 
their foci from the lens, what would be the ſucceſs in the more 
diſtant colours by a better trial. And yet it they uſe a broader 
lens than I did, and fix it to a long ſtraight ſtaff, by means of 


which it may be readily and truly directed to the colour whoſe 


focus 1s deſired; I queſtion not but the Experiment will ſucceed 
For I directed the axis 
as 


> Ro 


— 
a 
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as nearly as I could to the middle of the colours; and then the of releſcopes. 


faint ends of the ſpectrum, being remote from the axis, caſt their 
ſpecies leſs diſtinctly on the paper, than they would have done, 
Had the axis been ſucceſſively directed to them. 

Now by what has been ſaid, it is certain that the rays which 
differ in refrangibility do not converge to the ſame focus; but if 
they flow from a lucid point, as far from the lens on one ſide as 
their foci are on the other, the focus of the moſt refrangible rays: 
ſhall be nearer to-the lens than that of the leaſt refrangible, by 
above the fourteenth part of the whole diſtance: and if t they 
flow from a lucid point, ſo very remote from the lens, that be- 
fore their incidence they may be accounted parallel, the focus of 
the moſt refrangible rays ſhall be nearer to the lens than the fo- 
cus of the leaſt refrangible, by about the 27th or 28th part of 
their whole diſtance from it. And the diameter of the circle in 
the middle ſpace between thoſe two foci, which they illuminate 
when they fall there on any plane perpendicular to the axis 
(which circle is the leaſt into which they can all be gathered) i 18 
about the 535th part of the diameter of the aperture of the glaſs. 
So that it is a wonder, that Teleſcopes repreſent objects ſo diſtinct 
as they do. But were all the rays of light equally refrangible, 
the error. ariſing only from the ſphericalneſs of the figures of 
glaſſes would be many hundred times leſs. For if the objetꝭ᷑t- 
glaſs of a Tcleſcope be plano-convex, and the plane fide be turn 
ed towards the object, and the diameter of the {ſphere whereof: 
this glaſs is a ſegment be called p, and the ſemidiameter of the- 
aperture of the glaſs be called s, and the fine of incidence out: 
of glaſs into air, be to the fine of refraction as 1 to R: the rays, 
which come parallel to the axis of the glafs, ſhall, in the place 
where the image of the object is moſt diſtinctly made, be ſcat- 

S cub. 
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tered all over a little circle, whoſe diameter. 1s 7 » Dams Very 


nearly; as I gather by computing the errors of. the rays by the 
method of Infinite Series, and rejecting the terms whoſe quanti- 
ties are inconſiderable (). As for inſtance, if the ſine of: inci-- 
dence, 1, be to the fine of refraction, R, as 20 to 31; and if p, 


(?) Vide Lect. Opt. Part I, Sect. Iv. Prop. xxx1, Cor. 7. 
| YR 
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— the diameter of the ſphere to which the convex fide of the glaſs 


is ground, be Too feet, or 1200 inches; and s, the diameter of 
the aperture, be two inches: the diameter of the little circle (that 


96 
= —) will be r or ——— parts of an inch. 


I x D qu 20 X 20 X 1200 X 1200 7 20000 


But the Slender of the little circle, Uirvugh Which theſe rays are 
ſcattered by unequal refrangibility, will Ye about the 5 5th part 


of the aperture of the object-glaſs, which here is four inches. 


And therefore the error, ariſing from the ſpherical figure of the 


glaſs, is to the error ariſing from the different refrangibility of 


the rays, as 7. ers to , that is as I to 5449: and therefore, 
being 1 in compariſon ſo very little, deſerves not to be conſidered, 
But you will ſay, if the errors cauſed by the different refran- 
gibility be ſo very great, how comes it to paſs that objects ap- 
pear through Teleſcopes ſo diſtinct as they do? I anſwer, it is 
becauſe the erring rays are not ſcattered uniformly over all that 
circular ſpace, but collected infinitely more denſely in the center 
than in any other part of the circle; and in the way from the 
center to the circumference grow continually rarer and rarer, ſo 


as at the circumference to become infinitely rare; and by reaſon 


of their rarity are not ſtrong enough to be viſible, unleſs in the 
center, and very near it. Let ADE (in g. 27.) repreſent one of 
ſe circles, deſcribed with the center c and ſemidiameter Ac; 
let BFG be a ſmaller circle concentrick to the former, cutting 
with its circumference the diameter ac in B; and biſect ac in N: 
and, by my reckoning, the denſity of the r! in any place B 

will be to its denſity in N, as AB to BC ; and the whole light, with- 
in the leſſer circle BrG, will be to the whit light within the 
greater AED, as the exceſs of the ſquare of ac above the ſquare 
of AB is to the ſquare of ac. As if ze be the fifth part of ac, 
the light will be four times denſer in 3 than in x; and the whole 
light within the leſs circle, will be to the whole light within the 


greater, as nine to twenty-five. Whence it is evident that the 
light within the leſs circle, muſt ſtrike the ſenſe much more 


ſtrongly, than that faint and dilated light round out, between 
it and the circumference of the greater, 


But 
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But it is farther to be noted, that the moſt luminous of the of Tere- 
Priſmatick Colours are the Yellow and Orange. Theſe affect the 
ſenſes more ſtrongly than all the reſt together, and next to theſe 
in ſtrength are the Red and Green. The Blue, compared with theſe, 
is a faint and dark colour; and the Indigo and Violet are much 
darker and fainter : ſo that theſe, compared with the ſtronger co- 
lours, are little to be regarded. The images of objects are there- 
fore to be placed, not in the focus of the mean refrangible rays, 
which are in the confine of Green and Blue, but in the focus of 
thoſe rays which are in the middle of the Orange and Yellow ; 
there, where the colour is moſt luminous and fulgent: that is, in 
the brighteſt Yellow, that Yellow which inclines more to Orange 
than to Green. And by the refraction of theſe rays (whoſe ſines 
of incidence and refraction in glaſs are as 17 and 11) the refrac- 
tion of glaſs and cryſtal for optical uſes is to be meaſured. Let 
us therefore place the image of the object in the focus of theſe 
rays, and all the Yellow and Orange will fall within a circle; 
which diameter is about the 250th part of the diameter of the 
aperture of the glaſs. And if you add the brighter half of the 
Red (that half which is next the Orange) and the brighter half 
of the Green (that half which is next the Yellow) about three- 
_ fifth-parts of the light of theſe two colours will fall within the 
ſame circle, and two fifth-parts will fall without it round about; 
and that which falls without will be ſpread through almoſt as 
much more ſpace as that which falls within, and ſo in the groſs 
be almoſt three times rarer. Of the other half of the Red and 
Green (that is of the deep Dark Red and Willow-Green) about 
one quarter will fall within this circle, and three quarters with- 
out; and that which falls without will be ſpread through about 
four or five times more ſpace than that which falls within, and 
ſo in the groſs be rarer; and if compared with the whole light 
Within it, will be about 25 times rarer than all that taken in the 
groſs ; or rather more than 30 or 40 times rarer: becauſe the 
deep Red, in the end of the ſpectrum of colours made by a priſm, 
is very thin and rare, and the Willow-Green is ſomething rarer 
than the Orange and Yellow. The light of theſe colours there- 
fore being ſo very much rarer than that within the circle, will 
Vol. IV. K ſcarce 
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lurzxrre- ſcarce affect the ſenſe ; eſpecially ſince the deep Red and Willow 


TION 
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Green of this light, are much darker colours than the reſt, And 


for the ſame reaſon the Blue and Violet, being much darker co- 
lours than theſe, and much more rarified, may be neglected. 


For the denſe and bright light of the circle, will obſcure the rare 


and weak light of theſe dark colours round about it, and render 


them almoſt inſenſible. The ſenſible image of a lucid point is 


therefore ſcarce broader than a circle, whoſe diameter is the 25oth 
part of the diameter of the aperture of the object- glaſs of a good 
teleſcope; or not much broader, if you except a faint and dark 
miſty light round about it, which a ſpectator will ſcarce regard. 
And therefore in a teleſcope whoſe aperture is four inches, and 
length an hundred feet, it exceeds not 2”. 45%, or 3“. And in 
a teleſcope whoſe aperture is two inches, and length 20 or 30 
feet, it may be 5/ or 6”, and ſcarce above. And this anſwers 


well to experience: for ſome aſtronomers have found the diame- 
ters of the fixed ſtars, in teleſcopes of between 20 and 60 feet 


in length, to be about 5/0 or 6”, or at moſt 8” or 10” in diameter. 
But if the eye-glaſs be tinted faintly with the ſmoke of a lamp 
or torch, to obſcure the light of the ſtar, the fainter light in the 
circumference of the ſtar ceaſes to be viſible, and the ſtar (if the 
glaſs be ſufficiently ſoiled with ſmoke) appears ſomething more 
like a mathematical point. And for the ſame reaſon, the enor- 
mous part of the light in the circumference of every lucid point 
ought to be leſs diſcernible in ſhorter teleſcopes than in longer, 
becauſe the ſhorter tranſmit leſs light to the eye. 


Now that the fixed ſtars, by reaſon of their immenſe diſtance, 


appear like points, unleſs ſo far as their light is dilated by re- 
fraction, may appear from hence; that when the moon paſſes 


over them and eclipſes them, their light vaniſhes, not gradually 
like that of the planets, but all at once; and in the end of the 
eclipſe it returns into ſight all at once, or certainly in leſs time 
than the ſecond of a minute; the refraction of the moon's at- 
moſphere a little protracting the time in which the light of the 
ſtar firſt vaniſhes, and afterwards returns into ſight. 

Now it we ſuppoſe the ſenſible image of a lucid point, to be 


even 250 times narrower than the aperture of the glaſs; yet this 


image 
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image would be ſtill much greater, than if it were only from the of Ter. 


ſpherical figure of the glaſs. For were it not for the different 
refrangibility of the rays, its breadth, in an 100 foot teleſcope 
whoſe aperture is 4 inches, would be but +2*—- parts of an inch, 


72000000 


as is manifeſt by the foregoing computation. And therefore in 


SCOPESs 


this caſe the greateſt errors, ariſing from the ſpherical figure of 


the glaſs, would be to the greateſt ſenſible errors, OY from the 
different refrangibility of the rays, as es to 45 at moſt, that 


72000000 250. 


is only as 1 to 1200. And this ſufficiently ſhews that it ig not the 


ſpherical figures of glaſſes, but the different refrangibility of the 
rays, which hinders the perfection of teleſcopes. | 

There is another argument, by which it may appear, that the 
different refrangibility of rays is the true cauſe of the impertec- 
tion of teleſcopes. For the errors of the rays, ariſing from the 


ſpherical figures of object-glaſſes, are as the cubes of the aper- 


tures of the object-glafles ; and thence to make teleſcopes of va- 
rious lengths magnity with equal diſtinctneſs, the apertures of 
the object-glaſſes, and the charges or magnifying powers ought 
to be as the cubes of the ſquare-roots of their lengths ; which 
doth not anſwer to experience.” But the errors of the rays, : ariſing 
from the different refrangibility, are as the apertures of the ob- 
ject-glaſſes; and thence to make teleſcopes of various lengths 
magnity with equal diſtinctneſs, their apertures and charges ought 
to be as the ſquare roots of their lengths; and this anfwers to 
experience, as is well known. For inſtance, a teleicope of 64 


feet in length, with an aperture of 2 inches, magnifies about 


120 times, with as much diſtinctneſs as one of 2 foot in length, 
with + of an inch aperture, magnifies 15 times. 

Now were it not for this different refrangibility of rays, tele- 
ſcopes might be brought to a greater perfection than we have yet 
deſcribed, by compoſing the object-glaſs of two glaſſes with wa- 
ter between them. Let aprc [in Vg. 28.] repreſent the object- 
glaſs compoſed of two glaſſes, ABED and BEFC, alike convex on 
the outſides Ap and chr, and alike concave on the inſides BME, 
BNE. With water in the concavity BMEN. Let the ſine of inci- 
dence out of glaſs into air be as 1 to R, and out of water into air 
as K to R, and by conſequence out of glaſs into water as 1 to K: 
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the viſion, * comparing it with a pretty good perſpective of 
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and let the diameter of the ſphere to which the convex ſides, aGD 


and CHF, are ground be p; and the diameter of the ſphere to 


which the concave ſides, BME and BNE, are ground be to D, as the 
cube-root of kk El to the cube-root of RK—RI : and the refrac- 


tions on the concave ſides of the glaſſes will very much correct 
the errors of the refractions on the convex ſides, ſo far as they 


ariſe from the ſphericalneſs of the figure. And by this means 
might teleſcopes be brought to ſufficient perfection, were it not 


for the different refrangibility of ſeveral ſorts of rays. But by 


reaſon of this different refrangibility, I do not yet ſee any other 
means of improving teleſcopes by refractions alone, than that of 
increaſing their lengths; for which end the late contrivance of 
Hugenius ſeems well accommodated. For very long tubes are 
cumberſome, and ſcarce to be readily managed, and by reaſon 


of their length are very apt to bend, and ſhake by bending, ſo 
as to cauſe a continual trembling in the objects, whereby it be- 


comes difficult to ſee them diſtinctly : whereas, by his contriv- 
ance, the glaſſes are readily manageable, and the object-glaſs, be- 
ing fixed upon a ſtrong upright pole, becomes more ſteady. 
Seeing therefore the improvement of teleſcopes of given lengths 
by refractions is deſperate ; I .contrived heretofore a perſpective 
by reflexion, uſing inſtead of an object-glaſs a concave metal. 


The diameter of the ſphere, to which the metal was ground con- 
cave, was about 25 Englith inches, and by conſequence the length 
of the inſtrument about ſix inches and a quarter! The eye-glaſs 


was plano-convex, and the diameter of the ſphere to which the 


convex fide was ground was about + of an inch, or a little leſs, 


and by conſequence it magnified between 30 and 40 times. By 
another way of meaſuring I found that it magnified about 35 


times. The concave metal bore an aperture of an inch and a 
third part; but the aperture was limited not by an opake circle, 


covering the limb of the metal round about, but by an opake 


circle placed between the eye-glaſs and the eye; and perforated 


in the middle with a little round hole for the rays to paſs through 


to the eye. For this circle by being placed here, ſtopped much 
of the erroneous light, which otherwiſe would have diſturbed 
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four feet in length, made with a concave eye-glaſs, I could read Tarxs cor. 
at a greater diſtance with my own inſtrument than with the glaſs. 

Yet objects appeared much darker in it than in the glaſs, and that 

partly becauſe more light was loſt by reflexion in the metal, than 

by refraction in the glaſs, and partly becauſe my inſtrument was 
overcharged. Had it magnified but 30 or 25 times, it would 

have made the object appear more briſk and pleaſant. Two of 

theſe I made about 16 years ago, and have one of them ſtill by 

me, by which I can prove the truth of what I write. Yet it is 

not ſo good as at the firſt. For the concave has been divers times 
tarniſhed and cleared again, by rubbing it with very ſoft leather. 

When I made theſe, an artiſt in London undertook to imitate it; 

but uſing another way of poliſhing them than I did, he fell much 

ſhort of what I had attained to, as I afterwards underſtood by 
diſcourſing with the under workman he had employed. The - 
poliſh I uſed was in this manner. I had two round copper-plates 
each ſix inches in diameter, the one convex the other concave, 
ground very true to one another. On the convex I ground the 
object-metal or concave which was to be poliſhed, till it had taken. 

the figure of the convex, and was ready for a poliſh. Then I 
pitched over the convex very thinly, by dropping melted pitch 

upon it, and warming it to keep the pitch ſoft, whilſt I ground 

it with the concave copper wetted, to make it ſpread evenly all 

over the convex. Thus by working it well, I made it as thin as 

a groat; and after the convex was cold, I ground it again to give 

it as true a figure as I could. Then I took putty, which I had 

made very fine by waſhing it from all its groſſer particles, and 

laying a little of this upon the pitch, I ground it upon the pitch 

with the concave copper till it had done making a noiſe; and then 

upon the pitch I ground the object-metal with a briſk motion, 

for about two or three minutes of time, leaning hard upon it. 

Then I put freſh putty upon the pitch, and ground it again till 

it had done making a noiſę, and afterwards ground the object- 

metal upon it as before. And this work I repeated till the me- 

tal was poliſhed, grinding it the laſt time with all my ſtrength 

for a good while together, and frequently breathing upon the- 

pitch to keep it moiſt, without laying on any more freſh putty. 

: The 
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Rerrzer - The object-metal was two inches broad, and about one-third part 
* of an inch thick, to keep it from bending. I had two of theſe 
metals, and when I had poliſhed them both I tried which was 

beſt; and ground the other again, to ſee if I could make it bet- 
ter, than that which I kept. And thus by many trials I learned 

the way of poliſhing, till I made thoſe two reflecting perſpec- 

tives I ſpake of above. For this art of poliſhing will be better 

learned by repeated practice than by my deſcription. Before I 

ground the object-metal on the pitch, I always ground the putty 

on it with the concave copper till it had done making a noiſe; 

becauſe if the particles of the putty were not by this means made 

to ſtick faſt in the pitch, they would by rolling up and down 

erate and fret the objeCt-metal and fill it full of little holes. 

But becauſe metal is more difficult to poliſh than glaſs, and 1s 
afterwards very apt to be ſpoiled by tarniſhing, and reflects not 
ſo much light as glaſs quick-filvered over does : I would pro- 
\ pound to uſe, inſtead of the metal, a glaſs ground concave on the 
foreſide, and as much convex on the backſide, and quick-ſilvered 

{ over on the convex fide. The glaſs muſt be every where of the 
1ame thickneſs exactly. Otherwiſe it will make objects look co- 

loured and indiſtinct. By ſuch a glaſs I tried, above five or ſix 

years ago, to make a reflecting teleſcope of four feet in length 

Wl 5 to magnify about 150 times, and I ſatisfied myſelf, that there 
| ” . wants nothing but a good artiſt to bring the deſign to perfection. 
| | For the glaſs being wrought by one of our London artiſts after 
Wl ſuch a manner as they grind glaſſes for teleſcopes, though it ſeem- 
= ed as well wrought as the object-glaſſes uſe to be, yet when it 
"M was quick- ſilvered, the reflexion diſcovered innumerable inequa- 
lities all over the glaſs. And by reæſon of theſe inequalities, ob- 
jects appeared indiſtinct in this inſtrament. For the errors of re- 

flected rays cauſed by any inequality of the glaſs, are about ſix 

times greater than the errors of refracted rays cauſed by the like 

— Inequalities. Yet by this Experiment I ſatisfied myſelf that the 

| reflexion on the concave ſide of the glaſs, which J feared would 
diſturb the viſion, did no ſenſible prejudice to it; and by conſe- 

: quence that nothing is wanting to perfect theſe teleſcopes, but 
good workmen, who can grind and poliſh glaſſes truly ſpherical, 


Arr 


"1 1 7 3 * 2 n 2 n r 8 - 
red Me: *. N Sr ä n e > 3 


Cl 7 
PART J. Oo . 71 
An object-glaſs of a fourteen- foot teleſcope, made by an artificer Taxxs cor. 
at London, I once mended conſiderably, by grinding it on pitch 
with putty, and leaning very eaſily on it in the grinding, leſt the 
putty ſhould ſcratch it. Whether this way may not do well en- 
ough for poliſhing theſe reflecting glaſſes, 1 have not yet tried. 
But he that ſhall try either this, or any other way of poliſhing, 
which he may think better, may do well to make his glaſſes rea- 
dy for poliſhing, by grinding them without that violence, where- 
with our London workmen preſs their glaſſes in grinding. For 
by ſuch violent preſſure, glaſſes are apt to bend a little in the 
grinding, and ſuch bending will certainly ſpoil their figure. To 
recommend therefore the conſideration of theſe reflecting glaſſes, 
to ſuch artiſts as are curious in figuring glaſſes, I ſhall deſcribe: 
this optical inſtrument in the following Propoſition. 
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PROP. vin. PR O B. UH. 
To /horten Teleſcopes. 


Let ABDC {in ig. 29.] repreſent a glaſs ſpherically concave om 
the foreſide AB, and as much convex. on the backſide cp, ſo that 
it be every where of an equal thickneſs. Let it not be thicker 
on one ſide than on the other, leſt it make objects appear colour-- 
ed and indiſtinct ; and let it be very truly wrought and quick- ſil- 

vered over on the backſide, and ſet in the tube vx rz which muſt 
be very black within. Let Era repreſent a priſm of glaſs,. or 
cryſtal, placed near the other end of the tube, in the middle of 
it, by means. of a handle of braſs or iron Fk, to the end of 
which made flat it is cemented. Let this priſm be rectangular at 
E, and let the other two angles at F and G be accurately equal to 
each other, and by conſequence equal to half right ones; and 
let the plane ſides. FE and GE be ſquare, and by conſequence the 
third ſide FG a rectangular parallelogram, whoſe length is to its 
breadth in a ſubduplicate proportion of two to one. Let it be ſo 
placed in the tube, that the axis of the ſpeculum may paſs through 
the middle of the ſquare fide xr perpendicularly, . and by conſe- 
quence through the middle of the ſide FG at an angle of 45; de- 
grees; and let the ſide xr be turned towards the ſpeculum, and. 

* — the 


72 
Rerxxer · the diſtance of this priſm from the ſpeculum be ſuch, that the 


ING 


ſmall round hole or aperture made in a little plate of lead, braſs 


of the length, and the magnifying as the aperture. But it is 


aperture at leaſt, and that the glaſs of the ſpeculum be thick, that 
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rays of the light pd, Rs, &c. which are incident upon the ſpe- 
culum in lines parallel to the axis thereof, may enter the priſm 
at the ſide Kr, and be reflected by the ſide FG, and thence go out 
of it, through the ſide 6x, to the point r; which muſt be the com- 
mon focus of the ſpeculum ABD e, and of a plano-convex eye- 
glaſs, H, through which thoſe rays muſt paſs to the eye. And 
let the rays, at their coming out of the glaſs, paſs through a 


or ſilver, wherewith the glaſs is to be covered, which hole muſt 
be no bigger than is neceſſary for light enough to paſs through. 
For ſo it will render the object diſtinct, the plate, in which it is 
made, intercepting all the erroneous part of the light which 
comes from the verges of the ſpeculum AB. Such an inſtru- 
ment well made, if it be ſix foot long (reckoning the length from 
the ſpeculum to the priſm, and thence to the focus T) will bear 
an aperture of ſix inches at the ſpeculum, and magnify between 
two and three hundred times. But the hole EH here limits the 
aperture with more advantage, than if the aperture was placed 
at the ſpeculum. If the inftrament be made longer or ſhorter, 
the aperture muſt be in proportion as the cube of the ſquare- root 


convenient that the ſpeculum be an inch or two broader than the 


it bend not in the working. The priſm Er muſt be no bigger 
than is neceſſary, and its backſide FG muſt not be quick-filvered 
over. For without quick-ſilver i will reflect all the light incident 
on it from the ſpeculum. T 

In this inſtrument the object will be inverted, but may be erec- 
ted by making the ſquare ſides Er and £6 of the priſm Ey not 
plane but ſpherically convex, that the rays may croſs as well be- 
fore they come at it, as afterwards between it and the eye-glaſs. 
If it be deſired that the inſtrument bear a larger aperture, that 
may, be alſo done by Comer the ſpeculum of two "TAY with 
water between them. 

If the theory of making teleſcopes could at length be fully 
brou ght into practice, yet there would be certain bounds beyond 
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which teleſcopes could not perform. For the air, through which 
we look upon the ſtars, is in a perpetual tremor; as may be ſeen 
by the tremulous motion of ſhadows caſt from high towers, and 
by the twinkling of the fixed ſtars. But theſe ſtars do not twin- 
kle when viewed through teleſcopes which have large apertures. 
For the rays of light, which paſs through divers parts of the 
aperture, tremble each of them apart; and by means of their 
various and ſometimes contrary tremors, fall at one and the ſame. 
time upon different points in the bottom of the eye; and their 
trembling motions are too quick and confuſed to be perceived ſe- 


verally. And all theſe illuminated points conſtitute one broad 
lucid point, compoſed of thoſe many trembling points confuſedly 


and inſenſibly mixed with one anther by very ſhort and ſwift tre- 
mors; and thereby cauſe the ſtar to appear broader than it is, and 
without any trembling of the whole. Long teleſcopes may cauſe 


objects to appear brighter and larger than ſhort ones can do; but 
they cannot be ſo formed as to take away that confuſion of the 


rays, which ariſes. from the tremors. of the atmoſphere. The 
only. remedy is a molt ſerene and. quiet air, ſuch as may perhaps 


be found on the tops of the higheſt mountains above the grofler. 
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De phanomena of colours in Refracled or RefleFted Light are not 


PROP. 1 THEOR. I. 


cauſed by new modifications of the light variouſly impreſſed, ac- 
cording to the various terminations of the light and ſhadow. 


The proof by Experiments. 


Exper. 1. OR if the ſun ſhine into a very dark chamber 
through an oblong hole F [in g. I.] whoſe breadth 

is the ſixth or eighth part of an inch, or ſomething leſs 3 and 
his beam, FH, do afterwards paſs firſt through a very large priſm 
ABC, diſtant about 20 feet from the hole, and parallel to it, and 
then (with its white part) through an oblong hole R, whoſe 
breadth is about the fortieth or ſixtieth part of an inch, and which 
is made in a black opake body 61, and placed at the diſtance of 
two or three feet from the priſm, in a parallel ſituation both to 
| | the 


PRRT II. . 


the priſm and to the former hole, and if this White light thus 
* tranſmitted through the hole u, fall afterwards upon a white pa- 
per pt, placed after that hole nh, at the diſtance of three or four 
feet from it, and there paint the uſual colours of the priſm, ſup- 
poſe Red at 1, Yellow at s, Green at 7, Blue at q, and Violet at 


p; you may with an iron wire, or any ſuch like flender opake- 


body, whoſe breadth is about the tenth part of an inch, by in- 


tercepting the rays at &, I, n, M & o, take away any one of the 
colours at 2, 5, 7, J or p, whilſt the other colours remain upon the 


paper as before; or with an obſtacle ſomething bigger you may 
take away any two, or three, or four colours together, the reſt 
remaining. So that any one of the colours, as well as Violet, 
may become outmoſt in the confine of the ſhadow towards p, and: 


any one of them as well as Red may become outmoſt in the con- 
fine of the thadow towards 7, and. any one of them may alſo bor- 


der upon the ſhadow made within the colours by the obſtacle, x, 


intercepting ſome intermediate part of the light; and, laſtly, any 


one of them, by being left alone, may border upon the ſhadow 


on either hand. All the colours have themſelves indifferently to 


any confines of ſhadow, and therefore the differences of theſe co- 
lours from one another, do not ariſe from the different confines 

of ſhadow, whereby light is variouſly modified, as has hitherto 
been the opinion of philofophers.. 
be obſerved, that by how much the holes, F and H, are narrower, 


and the intervals between them and the priſm greater, and the 


chamber darker, by ſo much the better doth the experiment ſuc-- 
ceed; provided the light be not ſo far diminiſhed, but that the 
colours at pt be ſufficiently viſible. To procure a prifm of ſolid 
glaſs large enough for this Experiment will be difficult, and there- 


fore a prifimatick veſſel muſt be made of poliſhed glaſs plates ce- 


mented together, and filled with falt water or clear oil. 
Exper. 2. The ſun's light let inte a dark chaniber through the 
round hole y [in Ag. 2.] half an inch wide, paſſed firſt through 


the priſm apc placed at the hole; and then through a lens, Pr. 


ſomething more than four inches broad, and about eight feet 
diſtant from the priſm ; and thence converged to © the foeus of 


L 2 White 


In trying theſe things it is to 


the ens diſtant from it about three feet; and there fell upon a 
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white paper DE. If that paper was perpendicular to that light 


incident upon it, as it is repreſented in the poſture Dx, all the co- 


lours upon it, at o, appeared White. But if the paper being turn- 
ed about an axis parallel to the priſm, became very much inclined 


to the light, as it is repreſented in the poſitions de and 9 ; the 


ſame light in the one caſe appeared Yellow and Red, in the other 
Blue. Here one and the ſame part of the light, in one and the 
ſame place, according to the various inclinations of the paper, 
appeared ii in one caſe White, in another Vellow or Red, in a third 
Blue; whilſt the confine of light and ſhadow, and the refractions 


of the priſm, in all theſe cafes, remained the ſame. 


Exper. 3. Such another Experiment may be more eaſily tried 
as follows. Let a broad beam of the ſun's light, coming into a 


dark chamber through a hole in the window-ſhut, be refracted 


py a large priſm ABC [in g. 3.] whoſe refracting angle c is more 


than 60 degrees; and ſo ſoon as it comes out of the priſm, let it 
Fall upon the white paper, Dr, glewed upon a ſtiff plane; and 


this light, when the paper is perpendicular to it, as it is repre- 
ſented in pE, will appear perfectly White upon the paper; but 
when the paper is very much inclined to it, in ſuch a manner as 
to keep always parallel to the axis of the priſm, the whiteneſs of 
the whole light upon the paper will, according to the inclination 
of the paper this way or that way, change either into Yellow and 
Red, as in the poſture de; or into Blue and Violet, as in the poſ- 
ture de. And if the light, before it fall upon the paper, be twice 


refracted the ſame way by two parallel priſms, theſe colours will 


become the-more conſpicuous. Here all the middle parts of the 


broad beam of white light, which fell upon the paper, did, with- 


out any confine of ſhadow to modify it, become coloured all over 
with one uniform colour; the colour being always the ſame in 
the middle of the paper as at the edges; and this colour changed 
according to the various obliquity of the reflecting paper, without 
any change in the refractions or ſhadow, or in the light, which 
fell upon the paper. And therefore theſe colours are to be de- 
rived from ſome other cauſe, than the new modifications of light 


by refractions and ſhadows. 


if 
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IF it be aſked, What then is their cauſe? I anſwer, that the of te con- 


paper, in the poſture de, being more oblique to'the more refran- aa Shades 
gible rays than to the leſs refrangible ones, is more ſtrongly Hu 
minated by the latter than by the former; and therefore the teſs 
refrangible rays are predominant in the reflected light. And 
wherever they are predominant in any light they tinge it with 
Red or Yellow, as may in ſome meaſure appear by the firſt Pro- 
poſition of the firſt Book, and will more fully appear hereafter. 
And the contrary happens in the poſture of the paper de, the 
more refrangible rays being then PIE which 1 s tinge 
light with Blues and Violets. 
Exper. 4. The colours of bubbles with which ih inet play 
are various, and change their ſituation variouſly, without any re- 
ſpect to any confine of ſhadow. If ſuch a bubble be covered ; 
with a concave glaſs,” to keep it from being agitated by any wind : 
or motion of the air, the colours will flowly and regularly change 
their ſituation; even whilſt the eye, and the bubble, and all bo- 
dies which emit any light, or caſt any ſhadow, remain unmoved. 
And therefore their colours ariſe from ſome regular cauſe, which 
depends not on any confine of ſhadow. What this cauſe 1s, will 
be ſhewed in the next Book. 
To theſe Experiments may be added the tenth Experiment of 
the firſt Book ; where the ſun's light in a dark room being tra- 
jected through the parallel ſuperficies of two priſms tied together 
in the form of a parallelopiped, became totally of one uniform 
| Yellow or Red colour, at its emerging out of the priſms. Here, 
in the production of theſe colours, the confine of ſhadow can 
have nothing to do. For the light changes from White to Yel- 
low, Orange and Red ſucceſſively, without any alteration of the 
confine of ſhadow : and at both edges of the emerging light, 
where the contrary confines of ſhadow ought to produce different 
eftects, the colour is one and the ſame, whether it be White, Yel- 
low, Orange or Red : and in the middle of the emerging light, 
where there is no confine of ſhadow at all, the colour is the very 
ſame as at the edges, the whole light at its very firſt emergence 
being of one uniform colour, whether White, Yellow, Orange or 
—4 and going on thence perpetually without any change of co- 
lour, 
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Seer hon lour, ſuch as the confine of ſhadow is vulgarly ſuppoſed to Werk 
fne of Light in refracted light after its emergence, Neither can theſe colours 
ad Shade, riſe from any new modifications of the light by refractions; be- 
cauſe they change ſucceſſively from White to Yellow, Orange and 
Red, while the refractions remain the ſame; and alſo becauſe the 
refractions are made contrary ways by parallel ſuperficies, which 
deſtroy one anothers effects. They ariſe not therefore from any 
modifications of light made by re fractions and ſhadows, but have 
ſome other cauſe. What that cauſe is we ewod above in this 
tenth Experiment, and need not here repeat it. 
There is yet another material circumſtance of this b 
For this emerging light being by a third priſm HIk ſin g. 22. 
| Part I.) refracted towards the paper pr, and. there painting the 
| I Aſual colours of the priſm, Red, Yellow, Green, Blue, Violet: if 
| | theſe colours aroſe from the refractions of that priſm medifying 
| the light, they would not be in the light before its incidence on 
that priſm. And yet in that Experiment we found, that when, 
by turning the two firſt priſms. about their common axas, all the 
colours were made to vaniſh but the Red; the light which makes 
that Red being left alone, appeared of the very ſame Red colour 
before its incidence on the third priſm. And in general we find 
by other Experiments, that when the rays, which differ in re- 
frangibility, are ſeparated from one another, and any one fort of 
them is conſidered apart; the colour of the light, which they.com- 
poſe, cannot be changed by any refraction or reflexion whatever; 
as it ought to be, were colours nothing elte than modifications of 
light cauſed by refractions, and reflexions, and ſhadows. This 
| unchangeableneſs of colour 1 am now to deſcribe in the follow- 
ing e p 


= PROP. IH. T H E O R. f. 

All Homogeneal Light has its proper colour anſwering to its degree 

5 of refrangibility, and that colour cannot be changed by reflexions 
and fractions. 


The co ours 


ef Hon. In the Experiments of the fourth Propoſition of the rſt — | 
cal when 1 had ſeparated the Heterogeneous Rays from one another, 
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the ſpectrum pr, formed by the ſeparated rays, did in the progreſs Light un. 


from its end p, on which the moſt refrangible rays fell, unto its 
other end , on which the leaft refrangible rays fell, appear tinged 
with this ſeries of colours; Violet, Indigo, Blue, Green, Yellow, 
Orange, Red, together with all their intermediate degrees in a 
continual ſucceſſion perpetually varying. So that there appeared 
as many degrees of colours, as there were ſorts of rays differin 8 
in refrangibility. 
Exper. 5. Now that theſe colours could not be chan ged by re- 
fraction, I knew by refracting with a priſm ſometimes one very 
little part of this light, ſometimes another very little part, as is 
deſcribed in the twelfth Experiment of the firſt Book. For by 
this refraction the colour of the light was never changed in the 
leaſt, If any part of the Red light was refracted, it remained 
totally of the ſame Red colour as before. No Orange, no Yel- 
tow, no Green or Blue, no other new colour was produced by 
that refraction. Neither did the colour any ways change by re- 
peated refractions, but continued always the ſame Red entirely as 
at firſt. The like conſtancy and immutability I found alſo in the 
Blue, Green, and other colours. So alſo if I looked through a 
priſm upon any body illuminated with any part of this Hetero- 
geneal light, as in the fourteenth Experiment of the firſt Book 
is deſcribed; I could not perceive any new colour generated this 
Way. All bodies illuminated with Compound light appear through 
priſms confuſed (as was ſaid above) and tinged with various new 
colours; but thoſe illuminated with Homogeneal light appeared 
through priſms neither leſs diſtin, nor otherwiſe coloured, than 
when viewed with the naked eyes. Their colours were not in 
the leaſt changed by the refraction of the interpoſed priſm. I 
ipeak here of a ſenſible change of colour: for the light which 
L here call Homogeneal, being not abſolutely homogeneal, there 
ought to ariſe ſome little change of colour. from its heterogenei- 
ty. But if that heterogeneity was ſo little, as it might be made 
by the ſaid Experiments of the fourth Propoſition, that change 
Was not ſenſible; and therefore in Experiments, Where ſenſe is 
Judge, ought to be accounted none at all, 
5 


Exper. 


changeable. 
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Exper. 6. And as theſe colours were not changeable by refrac- 
tions, fo neither were. they by reflexions. For all White, Grey, 
Red, Yellow, Green, Blue, Violet bodies, as Paper, Aſhes, Red 
Lead, Orpiment, Indigo, Biſe, Gold, Silver, Copper, Graſs, Blue 
Flowers, Violets,, bubbles of Water tinged with various colours, 
Peacock's Feathers, the tincture of Lignum Nepbriticum, and 
ſuch like, in Red Homogeneal Light appeared totally red; in Blue 
light totally blue; in Green light totally green; and fo of other 
colours. In the Homogeneal light of any colour they all appear- 
ed totally of that ſame colour; with this only difference, that 
ſome of them reflected that light more ſtrongly, others more 
faintly, I never yet found any body, which by reflecting Ho- 
mogeneal light, could fenſibly change its colour. 

From alt which it is manifeſt, that if the ſun's light conſiſted 
of but one ſort of rays, there would be but one colour in the 
whole world; nor would it be poſſible to produce any new colour 
by reflexions and refractions, and by conſequence that the variety 
of colours owt un the compoſition of 1 


DEFINITION. 


The nomogeneal light and rays which appear red, or rather 
make objects appear fo, I call Rubrific or Red- making; thoſe 
which make objects appear yellow, green, blue and violet, I call 
Vellow- making, Green- making, Blue-making, Violet-making; and 
ſo of the reſt, And if at any time I ſpeak of light and rays as 
coloured, or endued with colours; L would be underſtood to ſpeak 
not philoſophically and properly, but groſsly,. and according to 
ſuch conceptions as. vulgar people, in ſeeing all theſe Experiments, 
would be apt to frame. For the rays, to ſpeak. properly, are not 
coloured. In them there is nothing elſe, than a certain power and 
diſpoſition to ſtir up a ſenſation: of this or that colour. For as 
ſound in a bell, or muſical ſtring, or other ſounding body, is 
nothing but a trembling motion; and in the air, nothing but that 
motion propagated from the object; and in the ſenſorium, it is a 
ſenſe of that motion under the form of ſound ; ſo Colours in the 
Object are nothing but a diſpoſition to reflect this or that ſort of 
rays more copiouſly than the reſt; in the Rays, they are nothing 
but 
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but their diſpoſitions to propagate this or that motion into the ſen- 
ſorium; and in the ſenſorium, they are ſenfations of thoſe mo- 
tions under the forms of colours. 


PROP. I. P R O B. . 
To de f ne the refrangibility of the ſeveral forts of Homogeneal Light 
anfe wering to the ſeveral colours. 


For determining this Problem I made the following Experi- 2 
gibility of he 


ment. | ſeveral Rays 
Exper. 7. When I had canſed the rectilinear ſides ar, o 7 


fig. 4. ] of the ſpectrum of colours made by the priſm to be diſ- 
tinctly defined, as in the fifth Experiment of the firſt Part is de- 
ſcribed (a), there were found in it all the Homogeneal colours, in 
the ſame order and ſituation one among another as in the ſpec- 
trum of ſimple light, deſcribed in the fourth Propoſition of that 
Part, For the circles, of which the ſpectrum of Compound' 
Light vr is compoſed, and which in the middle parts of the ſpec- 
trum interfere, and are intermixed with one another, are not in- 
termixed in their outmoſt parts, where they touch thoſe rectilinear 
ſides ay and . And therefore in thoſe rectilinear ſides, when 
diſtinctly defined, there is no new colour generated by refraction. 
I obſerved alſo, that if any where between the two outmoſt cir- 
cles, TMF and pA, a right line, as 5, was croſs to the ſpectrum, 
ſo as at both ends to fall perpendicularly. upon its rectilinear ſides, 
there appeared one and the ſame colour, and degree of colour 
from one end of this line to the other. I delineated therefore 
in a paper the perimeter of the ſpectrum raycmrT, and in trying 
the third Experiment of the firſt Book, I held the paper ſo that 
the ſpectrum might fall upon this delineated figure, and agree 
with it exactly; whilſt an affiſtant, whoſe eyes for diſtinguiſhing 
colours were more critical than mine, did by right lines af, 7d, 
e &c. drawn croſs the ſpectrum, note the confines of the co- 
lours; that is, of the Red Mahr; of the Orange, ay; of the 
Yellow, 7e; of the Green, enbè; of the Blue, niz); of the Indigo, 


(*) Namely, by placing a lens at the hole where the light was admitted, to take away the pe- 
numbra in the ſides of the image. Vid. p. 33» 
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The refrangi- IA and' of the Violet, AH. And this operation being divers. 


times repeated, both in the ſame and in ſeveral papers,. I found. 
that the obſervations agreed well. enough with one another; and. 
that the rectilinear ſides, MG and FA, were by the ſaid croſs lines. 
divided after the manner of a Muſical Chord. Let cm be pro- 

duced to x,. that Mx may be equal to GM, and conceive dx, Ax. 
X, Nx, ex, x, ar, 1 to be in proportion to one another, as 
the numbers, 1, 55 35 3, 35 I 2% 2 and ſo to repreſent the chords 
of the key, and of a tone, a third minor, a fourth, a fifth, a 


ſixth major, a ſeventh and an eighth above that Key: and the in- 


tervals Ma, a9 e, en, n, 1%. and AG, will be the ſpecies which 
the ſeveral colours (Red, Orange, Yellow,, Green, Blue, Indigo, 
Violet). take up (b). 

Now theſe intervals or ſpaces ſabtending the differences of the 
ee of. the rays going to the Limits of thoſe colours, that 


is, to the points M, a, , e, u, ty A, G, may, without any ſenſible 
error, be accounted proportional to the differences of the ſines of 


refraction of thoſe rays having one common ſine of. incidence; 
and therefore, ſince. the common. fine of incidence of the moſt 
and leaft refrangible rays. out, of glaſs into air, was by a method 
deſcribed above, found in proportion to their ſines of refraction, 


as 50 to 77 and 78; divide the difference between the fines of re- 


fraction, 77 ad.78,. as the line GM is divided by thoſe intervals; 


and you will have 77, 775) 77557757 775» 7752 77% 78, the ſines 
of retraction of thoſe rays out of glaſs into air, their common. 
ſine of incidence being 5o (©), So then the fines of the inci- 
dences of all the Red-making rays out of glaſs into air, were to- 
the ſines of their refractions, not greater than 30 to 77, nor leſs. 
than, 30 to 775; but they varied from one another according to 
all intermediate proportions. And the fines: of the incidences of. 


the Green-making rays were to the ſines of their refractions in all 


proportions fram that of 50 to 77% unto that of 30 to 772. 
———— And 


(>) Vid: Lect. Opt. Part II. 98 119— 123. 
(©) Lect, Opt. Part II. 9 124127. 
* that it eine 'geth in lines Parallel to thoſe in which it WAI 1NC! dent.] Rather, that the 


 Jeweral colorific rays emerge altogether, in a line parallel to that in which the compound ray was incident. 
For the Author's meaning is, that if ſucceeding refractions collect the colorific rays, which 
| were ſeparated one from another by the firſt, into a fingle point upon the laſt ſurface, from which 


ay 
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And by the like limits abovementioned were the refractions of the fererat Rays. 


defined. 


rays belonging to the reſt of the colours defined; the ſines of the 
Red-making rays extending from 7 7 to 775; thoſe-of the Orange- 


making, from 77; to 775; thoſe of the Yellow-making, from 775 
to 775; thoſe of the Green-making, from 77 to 775; thoſe of the 
Blue- making, from 77; to 775; thoſe of the Indigo- making, from 


77; to 777, and thoſe of the Violet from 774 to 78. 
| Theſe are the laws of the refractions made out of glaſs into 
air, and thence by the third Axiom of the firſt Part of this Book, 


the laws ef the refractions made out of air into glaſs are eaſily 


derived. 


through ſeveral contiguous refracting mediums, as through wa- 
ter and glaſs, and thence goes out again into air, whether the 
refracting ſuperficies be parallel or inclined to one another, that 
light as often as by contrary refractions it is fo corrected, that it 
emergeth in lines parallel to thoſe in which it was incident (d), 
continues ever after to be White. But if the emergent rays be 
| inclined to the incident, the whiteneſs of the emerging light will 
by degrees in pafling on from the place of emergence, become 
tinged in its edges with colours. This I tried by refracting light 
with priſms of glais placed within a priſmatick veſſel of water. 
Now thoſe colours argue a diverging and feparation of the hete- 
rogeneous rays from one another by means of their unequal re- 
fractions; as in what follows will more fully appear. And on 
the contrary, the permanent Whiteneſs argues, that in like inci- 
dences of the rays there is no ſuch ſeparation of the emerging 


Exper. 8. I ale moveover 'that when light goes out of air 


rays, and by conſequence no inequality of their whole refrac-' 


tions. Whence I ſeem to gather the two following Theorems. 
I. The excefles of the fines of refraction of ſeveral ſorts of 
rays above their common ſine of incidence, when the refractions 


are made out of divers denſer mediums immediately into one and 


they are to emerge, and ſend them out from thence in a direction parallel to that, in which the 


compound ray was incident; the emergent light Will ever after, unleſs reſolved again by ſome 


new refraction, continue to be white. If the colorific rays emerge from different points in the 
laſt refracting ſurface, notwithſtanding that they go forth in parallel directions, each will preſerve 
Es proper colour: as our Author hath fully ſhewn in his Lect. Opt. Part II. Sect. Iv. | 

| | Py the 
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The refrangi- the ſame rarer medium, fuppoſe of air, are to one another in a 


' Viſtity ot the 


given proportion (e). 

II. The proportion of the ſine of incidence to the ſine of re- 
fraction of one and the ſame ſort of rays out of one medium into 
another, is compoſed of the proportion of the fine of incidence 
to the ſine of refraction out of the firſt medium into any third 
medium, and of the proportion of the ſine of incidence to the 
fine of refraction out of that third medium into the ſecond me- 
dium (f). 

By the firſt Theorem the refractions of the rays of every 1 
made out of any medium into air, are known by having the re- 


fraction of the rays of any one ſort. As for inſtance, if the re- 


fractions of the rays of every ſort out of+ rain-water into air be 
deſired, let the common fine of incidence out of glaſs into air be 
ſubducted from the ſines of e and the exceſſes will be 


27, 275, 275, 27 265, 275, 273, 28. Suppoſe now that the 


fine of incidence of the leaſt refrangible rays be to their fine of 
refraction out of rzin-water into air as 3 to 4; and ſay as 1, the 
difference of thoſe ſines, is to 3, the ſine of incidence, fo is 27, 
the leaſt of the exceſſes above-mentioned, to a fourth number, 
Sr; and 81 will be the common ſine of incidence out of rain- 
water into air; to which ſine if you add all the above- mentioned 
exceſſes, you will have the defired fines of the refractions 108, 
1085, 1085, 108;, 1085, 1085, 1087, 109. 

By the latter Thegrem the e e out of one medium into 


another is gathered, as often as you have the refractions out of 
them both into any third medium. As if the ſine of incidence 


of any ray out of glaſs into air be to its ſine of refraction as 20 
to 31, and the ſine of incidence of the ſame ray out of air into 
water be to its fine of refraction as 4 to 3; the fine of incidence 
of that ray out of glaſs into water will be to its ſine of refraction 
as 20 to 31, and 4 to 3 jointly ; that is, as the factum of 20 and 
4 to the factum of 31 and 3, or as 80 to "+ © 
And theſe Theorems being admitted into Opticks, there would 
be ſcope enough of handling that ſcience voluminouſly after a 
new manner; not only by teaching thoſe things which tend to the 
(*) Vide Le&. Opt. Part. I. 5 44. 
perfection 
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perfection of viſion, but alſo by determinin g mathematically all everal Rays 


PART WH. 


kinds of phenomena of colours which could be produced by re 

fractions. For to do this, there is nothing elſe requiſite than to 
find out the ſeparations of heterogeneous rays, and. their various 
mixtures, and proportions in every mixture. By this way of ar- 
guing I invented almoſt-all the phænomena deſcribed in theſe 
books, beſide ſome others leſs neceſſary to the argument; and by 
the ſucceſſes I met with in the trials, I dare promiſe, that to him 
who ſhall argue truely, and then try all things with good glaſſes 
and ſufficient circumſpection, the expected event wilt not be want- 


: tefin ed. 


ing. But he is firſt to know what colours will ariſe from wy 


others mixed 1n me aſſigned proportion. 


PROP. IV. T HE O R. III. 


Colours may be Produced by compoſition, which Jhall be like to the co- 
hours of Homogeneal Light as to the appearance of colour, but 
not as to the mmutavility of colour and conſtitution of light. And 


thoſe colours, by how much they are more compounded, by ſo much 


are they leſs full and intenſe; and, by too much compoſition, they 


may be diluted and weakened till they ceaſe, and the mixture be- 


comes white or grey. There may be alſo colours produced by com- 


poſition, which are noi Fully hike an 2 & the colours of Homogeneal 


Light. 


For a mixture of Homogeneal Red and Yellow compounds an Colours made 


Orange, like in appearance of colour to that Orange, which in 
the ſeries of unmixed priſmatick colours lies between them; but 
the light of one Orange is Homogeneal as to refrangibility, that 
of the other is Heterogeneal ; and the colour of the one, if view- 


ed through a priſm, remains unchanged ; that of the other is 
changed and reſolved into its component colours, Red and Yellow. 
And after the ſame manner other neighbouring homogeneal co- 
lours may compound new colours, like the intermediate homo- 


geneal ones; as Yellow and Green, the colour between them 


both ; and afterwards; if Blue be added, there will be made a 


Green, the middle colour of the three which enter the —— 
(') Vide Lect. Opt. Part. I f 34 & 35. 


non! . 
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ſition. 
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newark tion: for the Yellow and Blue on either "Re if they are equal 
Compoſition, in quantity, they draw the intermediate Green equally towards 
: themſelves in compoſition, and ſo keep it as it were in æquilibrio, 
that it verge not more to the Yellow on the one hand, than to the 
Blue on the other, but by their mixed actions remain ſtill a mid- 
dle colour. To this mixed Green there may be farther added 
ſome Red and Violet; and yet the Green will not preſently-ceaſe, 
but only grow leſs full and vivid; and by increaſing the Red and 
Violet it will grow more and more dilute, until, by the preva- 
lence of the added colours, it be overcome and turned into white- 
neſs, or ſome other colour. So if to the colour of any homo- 
geneal light, the ſun's white light compoſed of all ſorts of rays 
be added, that colour will not vaniſh, or change its ſpecies, but 
be diluted ; and, by adding more and more White, it will be di- 
lated more and more perpetually. Laſtly, if Red and Violet be 
mingled, there will be generated, according to their various pro- 
portions, various Purples, ſuch as are not like in appearance to 
the colour of any Homogeneal Light; and of theſe Purples mix- 

ed with Yellow and Blue may be made other new colours. 


PROP. . THEOR. IV. 


Whiteneſs, and all Grey colours between white and black, may be 
compounded of colours, and the whiteneſs of the ſun's light is 
compounded of all the Primary colours mixed in a due proportion. 


The Proof by Experiments. 


Thewbitenes Exper. 9. The ſun ſhining into a dark chamber through a 
Light little round hole in the window-ſhut, and his light being there 
55 retracted by a priſm to caſt his coloured image pr [in g. 5. ] upon 
the oppoſite wall : 1 held a white paper, v, to that image, in 
{ſuch manner that it might be illuminated by the coloured light 
reflected from thence, and yet not intercept any part of that light 
in its paſſage from the priſm to the ſpectrum. And I found that 
when the paper was held nearer to any colour than to the reſt, it 
appeared of that colour to which it approached neareſt; but when 
it was . or almoſt equally diſtant from all the colours, ſo 


that 
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that it might be equally illuminated by them all, it appeared an effet of 
White. And in this laſt ſituation of the paper, if ſome colours Peftien. 
were- intercepted, the paper loſt its White colour, and appeared 
of the colour of the reſt of the light which was not intercepted, 
So then the paper was illuminated with lights of various colours, 
namely, Red, Yellow, Green, Blue and Violet; and every part of 
the light retained its proper colour, until it was incident on the 
paper, and became reflected thence to the eye ; ſo that if it had 
been either alone, the reſt of the light being intercepted, or if it 
had abounded moſt and been predominant in the light reflected 
from the paper, it would have tinged the paper with its own co- 
lour ; and yet being mixed with the reſt of the colours in a due 
proportion,. it made the paper look White, and therefore by a 
compoſition with the reſt produced that colour. The ſeveral parts 
of the coloured light reflected from the ſpectrum, whillt they are 
propagated from thence through the air, do perpetually retain 
their proper colours; becauſe wherever they fall upon the eyes 
of any ſpectator, ' they make the ſeveral parts of the ſpectrum to 
appear under their proper colours. They retain therefore their 
proper colours, when they fall upon the paper, v, and ſo by the 
_ confuſion and perfect mixture of thoſe colours compound the 
| Whiteneſs of the light reflected from thence.. | 
Exper. 10. Let that ſpectrum or ſolar image pr [in Ag. 6.7] fall 
now: upon the lens MN, above four inches broad, and about ſix 
feet diftant from. the priſm Age, and ſo figured, that it may cauſe 
the coloured light, which divergeth from: the priſm, to converge 
and meet again at its focus G; about fix or eight feet diſtant from 
the lens, and there to fall perpendicularly upon a white paper, 
DE. And if you move this paper to and fro, you will perceive 
that near the lens, as at de, the whole ſolar image, ſuppoſe at pr, 
Will appear upon it. intenſely coloured after the manner above- 
explained; and that by receding from. the lens, thoſe: colours will 
perpetually come towards one another, and by mixing more and 
more dilute one another: continually, untir at length the paper 
come to the focus 6, where by a perfect mixture they will wholly 
vanith, and be converted into Whiteneſs ; the whole light ap- 
pearing now upon the paper like a little white circle. And after- 
I Wards, 
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Thewtienes Wards, by: receding farther from the lens, the rays, which be- 


of the Solar 
Light 


fore converged, will now croſs one another in the focus o, and di- 
verge from thence, and thereby make the colours to appear again, 
but yet in a contrary order; ſuppoſe at de, where the Red 7 is 


now above which before was below, and the Violet P. is below 


which before was above. 


Let us now ſtop the paper at the focus o, where the light ap- 


pears totally white and circular, and let us conſider its Whiteneſs. 
I ſay, that this is compoſed of the converging colours. For if 
any of thoſe colours be intercepted at the lens, the Whiteneſs 


will ceaſe, and degenerate into that colour, which'ariſeth from 


the Compoſition of the other colours which are not intercepted, 


And then if the intercepted colours be let paſs and fall upon that 
'compound colour, they mix with it, and by their mixture reſtore 
the Whiteneſs. So if the Violet, Blue and Green be intercepted, 

the remaining Yellow, Orange and Red will compound upon the 


paper an Orange; and then if the intercepted colours be let paſs, 
they will fall upon this compound Orange, and together with it 
decompound a White. So alſo if the Red and Violet be inter- 
cepted, the remaining Yellow, Green and Blue, will compound a 


Green upon the paper; and then the Red and Violet being let 


paſs will fall upon this Green, and together with it decompound 
a White. And that in this compoſition of White the ſeveral 
rays do not ſuffer any change in their colorific qualities, by acting 
upon one another, but are only mixed, and by a mixture of their 


colours produce White, may farther appear by theſe Arguments. 


If the paper be placed beyond the focus 6, ſuppoſe at de, and 
then the Red colour at the lens be alternately intercepted, and let 
paſs again, the Violet colour on the paper will not ſuffer any 


change thereby; as it ought to do, if the ſeveral forts of rays 


acted upon one another in the focus G, where they croſs. Nei- 
ther will the Red upon the paper be changed by any alternate 
ſtopping, and letting paſs the Violet which croſſeth it. 

And if the paper be placed at the focus o, and the white 


round image at 6 be viewed through the priſm HIk, and by the 


refraction of that priſm be tranſlated to the place rv, and there 
appear tinged with various colours, namely, the Violet at v and 
Red 


ves 
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Red at , and others between; and then the Red ber at the gs effect of 


lens be often ſtopped and let — by turns, the Red at 7 will ac- 
cordingly diſappear and return as often, but the Violet at v will, 
not thereby ſuffer any change. And ſo by ſtopping and letting; 
paſs alternately the Blue at the lens, the Blue at 7 will according-, 
ly diſappear and return, without any change made in the Red at 
7. The Red therefore depends on one ſort of rays, and the Blue 
on another fort, which in the focus 6, where they are commix- 
ed, do not act on one another. And there. is the ſame reaſon of 
the other colours. 
I conſidered farther, t that whey the mat brangible rays, Pp, 
and the leaſt refrangible ones, Tt, are by converging inclined to 
one another; the paper, if held very oblique to thoſe rays, in the 
focus, o, might reflect one ſort of them more copiouſly than the 
other ſort; and by that means the reflected light would be-tinged 
in that focus with the colour of the predominant rays; Provided | 
thoſe rays ſeverally retained their colours or colorific qualities, in 
the compoſition of White made by them in that focus. But if 
they did not retain them in that White, but became all of them 
ſeverally endued there with a diſpoſition to ſtrike the ſenſe with 
the perception of White, then.they could never loſe their, White- 
neſs by ſuch reflexions. I inclined therefore the paper to the 
rays very obliquely, as in the ſecond Experiment of this Book, 
that the moſt refrangible rays might be more copiouſly reflected 
than the reſt, and the Whiteneſs at length changed ſucceſſively 
into Blue, Indigo and Violet. Then I inclined it the contrary way, 
that the leaſt refrangible rays might be more copious in the re- 
flected light than the reſt, and the Whiteneſs turned e 
to Yellow, Orange and Red. 7 
Laſtly, I made an inſtrument : XY in faſhion of a comb, uu 
teeth, being in number ſixteen, were about an inch and an half 
broad, and the intervals of the teeth about two inches wide. 
Then by interpoſing ſucceſſively the teeth of this inſtrument 
near the lens, I intercepted part of the colours by the interpoſed 
tooth, whilſt the reſt of them went on through the interval of 
the teeth to the paper DE, and there painted a round Solar image. 
But the paper 1 had firſt placed fo, that the image might appear 
Vol. IV. N | White, 
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The Wü. White, is ben as the comb was taken away; atid then the comb 
Sehr Light being as was ſaid interpoſed, that Whiteneſs, by reaſon of the in- 
tercepted part of e colours at the lens, did always change into 
the colour compounded of thoſe colours which were not inter- 
cepted; atid'thas colour was, by the motion of the comb, perpe- 
tally varied; ſo that in the paſſing of every tooth over the lens 
all theſe colours, Red, e Green, Blue and Purple, did al- 
ways ſueced one another. I cauſed therefore al the teeth to paſs 
ſucceſſively over the wa and when the motion was flow, there 

appeared. a perpetual ſucceſſion of the colours upon the paper: 
but if I ſo much accelerated the motion, that the colours, by rea- 
ſon of their quick ſucceſſion, could not be diſtinguiſhed from one 
another, the appearance of the ſingle colours ceaſed. There was 
no Red, no Yelow,. no Green, no: Blue, nor Purple to be ſeen 
any longer, but: from a confuſion of them all there aroſe one uni- 
form White colour. Of the light which. now by the mixture of 
all the colours appeared White, there was no part really White. 
One part wWwas Red, another Yellow, a third Green, a fourth Blue, 
a fifth Purple, and every part retains its proper colour till it ſtrike 
the ſenſorium. If the impreſſions follow one another ſlowly, 
ſo that they may be ſeverally perceived, there is made a diſtinct 
ſenſation of all the colours one after another in a continual ſuc- 
ceſſion. But if the impreſſions follow one another ſo quickly 
that they cannot be ſeverally perceived, there ariſeth out of them 
all one common fenſation,, which is neither of this colour alone 

nor of that alone; but hath itſelf indifferentty to them all, and 
this is a ſenſation of Whiteneſs, By the quickneſs of the ſuc- 
ceſſions, the impreffions of the ſeveral colours are confounded in 

the ſenſorium, and out of that confuſion ariſeth a mixed ſenſa- 

tion. If a burning coal be nimbly moved: round in a circle with 

gyrations continually repeated, the whole circle will appear like 

fire; the reaſon of which is, that the ſenſation of the coal, in 

the ſeveral places of that circle, remains impreſſed on the ſenſo- 
rium, until the coal return again to the ſame place. And ſo in a 

yuick conſecution of the colours, the impreſſion of every colour 

remains in the ſenſorium, until a revolution of all the colours be 
compleated, and that firſt colour return again. The impreſſions 
3 therefore 
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therefore of, all the ſucceſſive. colours are at once in the ſenſoti de e of | 


nifeſt by this Experiment, that the commixed- impreſſions of all 
the colours do ſtir up and beget a ſenſation of e that 10 that 
Whiteneſs is compounded of all the colours. 

And if the comb be now taken away, that all the cen ey 
at once paſs from the lens to the paper, and be there intermixed, 
and together reflected thence to the ſpectators eyes; their im- 
preſſions on the ſenſorium, being now. more ſubtilly and perfectly 


commixed there, ought much more to * up 2 2 of 


Whiteneſs. . 


Vou may inſtead of the lens yy two cnt Cg. 10 nik and 
LMN, Which by refracting the coloured light the contrary way to 
that of the firſt refraction, may make the diverging rays con- 
verge and meet again in d; as you ſee repreſented in the ſeventh 
figure. For where they meet and mix they N —— a White 
light, as when a lens is uſed. | 


Exper. 11. Let the ſun's coloured image PT [in FAY 8 ] fall 


upon the wall of a dark chamber, as in the third Experiment of 


the firſt Book, and let the fame be viewed through a priſm, abo, 
Held parallel to the priſm, arc, by whoſe refraction that image 
was made, and let it now appear lower than before, ſuppoſe in 


the place s, over againſt the Red colour T. And if you go near 


to the image PF, the ſpectrum s will appear oblang and coloured 
like the image PT; but if you recede from it, the colours of the 
ſpectrum, s, will be contracted more and more, and at length va- 


niſh ; that ſpectrum s becoming perfectly round and white: and 


if you recede yet farther, the colours will emerge again, but in 
a contrary order. Now that ſpectrum s appears White, in that 
caſe when the rays of ſeveral ſorts, which converge from the ſe- 
veral parts of the image, eT, to the priſm abc, are ſo refracted 
unequally by it, that in their paſſage from the priſm to the eye, 
they may diverge from one and the ſame point of the ſpectrum 
s, and fo fall afterwards upon one and the fame point in the bot- 
tom of the eye, and there be mingled. | 

And farther, if the conab be here made uſe = 17 whoſe 
teeth the colours atthe image, r, may be ſucceſſively intercepted; 
N 2 the 


* 


um, and jointly ſtir up a ſenſation of them all; and o it is ma- 
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the motion of the comb, the ſucceſſion of the colours is ſo quick 
that they cannot be ſeverally ſeen, that ſpectrum s, by a confuſed 
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The Wi · the ſpectrum s, when the comb is moved ſlowly, will be perpe- 


ally tinged with ſucceſſive colours: but when by accelerating 


and mixed ſenſation of them all, will appear White, 
Exper. 12. The ſun ſhining through a large priſm Age [in fr. 


9.] upon a comb xx, placed immediately behind the priſm, his 
light, which paſfed through the interſtices of the teeth, fell up- 


on a white paper DFE. The breadths of the teeth were equal to 
their interſtices,. and ſeven teeth together with their interſtices 
took up an inch in breadth, Now when the paper was about 


two or three inches diſtant from the comb, the light, which paſſed 
through its ſeveral interſtices, painted fo many ranges of colours, 


kl, mn, op, qr, &c. which were parallel to one another and conti- 


guous, and without any mixture of White. And theſe ranges 
of colours, if the comb was moved continually up and down 
with a reciprocal motion, aſcended and deſcended in the paper, 


and when the motion of the comb was ſo quick, that the colours 


could not be diſtinguiſhed from one another, the whole paper, 
by their confuſion and mixture in the ſenforium, appeared White. 


Let the comb now reſt ; and let the paper be removed farther 


n the priſm, and the ſeveral ranges of colours will be dilated 
and expanded into one another more and more, and, by mixing 
their colours, will dilute one another, and at length, when the 


diſtance of the paper from the comb is. about a foot, or a little 


more (ſuppoſe in the place 2D2E) they v will ſo far dilute one an- 


other as to become White. 


With any obſtacle let all the light be now 8 which paſſes 
through. any one interval of the teeth; ſo that the range of co- 


ours which comes from thence may be taken away: and you 


will ſee the light of the reſt of the ranges to be expanded into 


the place of the range taken away, and there to be coloured. 


Let the intercepted range paſs on as before, and its colours, falling 


upon the colours of the other ranges, and: mixing with them, 
will reſtore the Whiteneſs. 


Let the paper 2D 2E be now very much inclined to the rays, 


10 that the moſt refrangible rays may be more copiouſly reflected 


than 
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than the reſt; and the White colour of the paper, through the g of 


exceſs of thoſe rays, will be changed into Blue and Violet. Let 
the paper be as much inclined the contrary way, -that the leaſt 
refrangible rays may be now more copiouſly reflected than the 


reſt, and by their exceſs the Whiteneſs will be changed into Vel- 


low and Red. The ſeveral rays therefore in that White light do 
retain their colorific qualities, by which thoſe of any ſort, when- 
ever they become more copious than the reſt, do by their exceſs 
and predominance cauſe their proper colour to appear. 

And by the ſame way of arguing, applied to the third Experi- 


ment of this Book, it may be concluded, that the White colour 


of all refracted light, at its very firſt emergence, where it ap- 
pears as white as before its — 18 ne of various 
colours. 

Exper. 13. In the foregoing e che ſeveral Intervals 
of the teeth of the comb do the office of ſo many priſms, every 


interval producing the phenomenon of one priſm. Whence in- 


ſtead of thoſe intervals uſing ſeveral priſms, I tried to compound 


Whiteneſs by mixing their colours; and did it by uſing only three 


priſms, as alſo by uſing only two as before. Let two priſms, ABC 
and abc [in Fg. 10.] whoſe refracting angles, B and 5, are equal, 
be ſo placed parallel to one another, that the refracting angle B. 
of the one may touch the angle c at the baſe of the other, and 
their planes, cs and c, at which the rays emerge, may he in d- 
reddum. Then let the light trajected through them fall upon the 


paper MN, diſtant about 8 or 12 inches from the priſms, And 


the colours generated by the interior limits, B and c, of the two 
priſms, will be mingled at pr, and there compound White, For 
if either priſm be taken away, the colours made by the other 


will appear in that place pr; and. when the priſm is reſtored to its 


Place again, ſo that its colours may there fall upon the colours of 
the other, the mixture of them both will reſtore the Whiteneſs. 
This Experiment ſucceeds alſo, as I have tried, when the an- 
2le 6: of the lower priſm is a little greater than the angle B of the 
upper, and between the interior angles B and c, there intercedes 
tome ſpace Bc, as is repreſented: in the figure, and the refracting 
Planes, Bc and 4c, are neither in directum nor parallel. to one an- 


other. 


derbe. 
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The White - Other. For there is nothing more requiſite to the ſucceſs of this 


neſs ot the 


Solar Light Experiment, than that the rays of all forts may be uniformly 


mixed upon the paper, in the place pr. If the maſt refrangible 


rays, coming from the ſuperior priſm, take up all the ſpace from 


M to P; the rays of the ſame ſort, which come from the inferior 
priſm, ought to begin at v, and take up all the reſt of the ſpace 
from thence towards N. If the leaſt refrangible rays, coming 
from the ſuperior priſm, take up the ſpace MT; the rays of the 


fame kind, which come from the other priſm, ought to begin at 


T, and take up the remaining ſpace TN. If one ſort of the rays 
which have intermediate degrees of refrangibility, and come 
from the f uperior priſm, be extended through the ſpace Md, and 
another ſort of thoſe rays through the ſpace MR, and a third ſort 
of them through the ſpace Ms; the ſame ſorts of rays, coming 
from the lower priſm, ought to illuminate the remaining ſpaces 
N, RN, SN, reſpectively. And the ſame is to be underſtood of 


all the other ſorts of rays. + For thus the rays of every fort will 


be ſcattered uniformly and evenly through the whole ſpace MN, 


and ſo being every where mixed in the ſame proportion, they 
muſt every where produce the ſame colours. And therefore ſince 


by this mixture they produce White in the exterior ſpaces MP and 
TN, they mult alſo produce White in the interior ſpace pT. This 
is the reaſon of the compoſition by which Whiteneſs was produ- 


ced in this Experiment; and by what other way ſoever I made the 


like Compoſition, the reſult was Whiteneſs. 
Laſtly, if with the teeth of a comb of a due ſize, the coloured 
lights of the two priſms, which fall upon the ſpace pr, be alter- 


nately intercepted; that ſpace pr, when the motion of the comb 


is low, will always appear coloured. But by accelerating the mo- 


tion of the comb ſo much, that the ſucceſſive colours cannot be 


diſtinguiſhed from one another, it will appear White. 

Exper. 14. Hitherto I have produced Whiteneſs by mixing the 
colours of priſms. If now the colours of Natural bodies are to 
be mingled, let water a little thickened with ſoap be agitated to 


raiſe a froth ; and after that froth has ſtood a little, there will 


appear to one, that ſhall view it intently, various colours every 


where in the ſurfaces of the ſeveral bubbles ; but to one that 


ſhall 


ſhall go oh far off that he. cannot diftinguith the colours from the fed of | 
one another, the whole froth will Wo, White with a perfe * 


whiteneſs. _ || | 

Exper. 15. Laſtly, i in 1 to e a White by 
mixing the coloured powders, which painters ule; I conſidered that 
all coloured powders do ſuppreſs and ſtop in them a very conſi- 
derable part-of the light, by which they are illuminated. - For 
they become coloured by reflecting the light of their own co- 
lours more copiouſly, and that of all other colours more ſparing- 
ly ; and yet they do not reflect the light of their own colours ſo 
copiouſly as White bodies do. If red lead, for inſtance, and a 
white paper, be placed in the red light of the coloured ſpectrum, 
made in a. dark chamber by the refraction of a priſm, as is de- 
ſcribed in the third Experiment of the firſt Book ; the paper will 
appear more lucid than the red lead, and therefore reflects the 
Red-making rays more copiouſly than red lead doth. And it 
they be held in the light of any other colour, the light reflected 
by the paper will exceed the light reflected by the red lead in a 
much greater proportion. And the like happens in powders of 
other colours. And therefore by mixing ſuch powders we are 
not to expect a ſtrong and full White, fuch as is that of paper, 
but ſome duſky obſcure one, ſuch as might ariſe from a mixture 
of light and darkneſs, or from White and Black; that is, a Grey, 
or Dun, or Ruſſet- brown, ſuch as are the colours of a man's 
nail, of a mouſe, of aſhes, of ordinary ſtones, of mortar, of 
auſt and dirt in highways, and the like. And ſuch a dark White: 
1 have often produced by mixing coloured powders. For thus 
one part of red lead, and five parts of Viride Aris, compoſed a, 
dun colour like that of a mouſe. For theſe two colours were ſe- 
verally ſo compounded of others, that in both together were mix- 
tures of all colours; and there were leſs red lead uſed than Yiride 
ris, becauſe of the fullneſs of its colour. Again, one part of 
red lead, and four parts of blue biſe, compoſed a dun colour 
verging a little to. Purple; and by adding to this a certain mixture 
of Orpiment and Firide Aris in a due proportion, the mixture 
loſt its purple tincture, and became perfectly Dun. But the Ex- 
Teriment ſucceeded beſt without Minium thus. To Orpiment I 
| | added 
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The White- added by little and little a certain full bright Purple, which painters 


neſs of the 
Solar Light 
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uſe, until the orpiment ceaſed to be Vellow, and became of a 


pale Red. Then I diluted that Red by adding a little Y7r:ide Aris, 


and a little more blue biſe than Yiride Aris, until it became of 
fach a grey or pale White, as verged to no one of the colours 
more than to another. For thus it became of a colour equal in 
whiteneſs to that of aſhes, or of wood newly cut, or of a man's 
ſkin. The orpiment reflected more light than did any other of 


the powders, and therefore conduced more to the Whiteneſs of 


the compounded colour than they. To aſſign the proportions 
accurately may be difficult, by reaſon of rhe different goodneſs of 
powders of the ſame kind, Accordingly as the colour of any 
powder is more or leſs full and luminous, It ought to be uſed in 
A leſs or greater proportion, | 


Now conſidering that theſe grey and dun colours may be alſo 


produced by mixing Whites and Blacks, and by conſequence dif- 


fer from perfect Whites not in ſpecies of colours, but only in de- 
gree of luminouſneſs, it is manifeſt that there is nothing more 
requiſite to make them perfectly white than to increaſe their light 
ſufficiently; and, on the contrary, if by increaſing their light 
they can be brought to perfect Whiteneſs, it will thence alſo fol- 
low, that they are of the ſame ſpecies of colour with the beſt 


Whites, and differ from them only in the quantity of light. And 
this I tried as follows. I took the third of the above-mentioned 


grey mixtures (that which was compounded of Orpiment, Purple, 


Biſe and Yiride Aris) and rubbed it thickly upon the floor of my 


chamber, where the ſun ſhone upon it through the opened caſe- 
ment; and by it, in the ſhadow, I laid a piece of white paper of 
the ſame bigneſs. Then going from them to the diſtance of 12 
or 18 feet, ſo that I could not diſcern the unevenneſs of the ſur- 
face of the powder, nor the little ſhadows let fall from the gritty 
particles thereof; the powder appeared intenſely White, ſo as to 
tranſcend even the paper itſelf in Whiteneſs, eſpecially if the 
paper were a little ſhaded from the light of the clouds ; and then 
the paper compared with the powder appeared of ſuch a grey co- 
jour as the powder had done before. But by laying the paper 
where the fun ſhines through the glaſs of the window, or by 


ſhutting 
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ſhutting the window, that the ſun might ſhine through the glaſs 
upon the powder, and by ſuch other fit means of increaſing or 
decreaſing the lights, wherewith the powder and paper were il- 
luminated; the light wherew1th the powder 1s illuminated may be 
made ſtronger, in ſuch a due proportion, than the light where- 
with the paper is illuminated, that they ſhall both appear exactly 
alike in Whiteneſs. For when I was trying this, a friend com- 
ing to viſit me, I ſtopped him at the door; and before 1 told him 
what the colours were, or what I was doing, I aſked him, Which 
of the two Whites were the beſt, and wherein they differed ? 
And after he had at that diſtance viewed them well, he anſwer- 


ed, That they were both good Whites, and that he could not ſay 
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the effet of 


Compoſition, 


which was beſt, nor wherein their colours differed. Now if you 


conſider, that this White of the powder in the ſun-ſhine was 
compounded of the colours which the component powders, Or- 


piment, Purple, Biſe, and Viride Aris, have in the ſame ſun-ſhine; 


you mult acknowledge by this Experiment, as well as by the 
former, that perfect Whiteneſs may be compounded of colours. 
From what has been ſaid it is alſo evident, that the Whiteneſs 
of the ſan's light is compounded of all the colours wherewith 
the ſeveral ſorts of rays, whereof that light conſiſts, when by 
their ſeveral refrangibilities they are ſeparated from one another, 
do tinge paper or any other white body whereon they fall. For 
thoſe colours, by Prop. II. are unchangeable, and whenever all 


thoſe rays, with thoſe their colours, are mixed again, they re- 


produce the ſame White light as before. 


PROP, VI PRO B. I. 


In a mixture of Primary Colours, the quantity and quality of each 
being given, to know the colour of the compound, 


With the center o [in Ag. 11.] and radius op deſcribe a circle 
ADF; and diſtinguiſh its circumference into ſeven parts, DE, EF, 
FG, GA, AB, BC, CD, Proportional to the ſeven muſical tones or 
intervals of the eight ſounds, /, la, fa, ſol, la, mi, fa, ſol, con- 
nee in an eight; that is, proportional to the numbers 3, 2% 7 


1 09 


35 7 733 ;%j · Let the firſt part, DE, repreſent a Red colour; the ſe- 
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cond, 
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To aſcertain CON, Ex, Orange; the third, re, Yellow; the fourth, 6a,Green the 
2 "_ fifth, AB, Blue; the fixth, Bc, Indigo; and the ſeventh \cB;Vidkt. 
| And conceive that theſe are all the colours of uncompounded light 
gradually paſting into one another, as they do when made by 
priſms ; the circumference DEFGABCD, reprefenting the whole 
ſeries of colours from one end of the ſun's coloured image to the 
other; ſo that from o to E be all degrees of Red; at x, the mean 
colour between Red and Orange; from E to , all degrees of Orange; 
at g, the mean between Orange and Yellow; from F to 6, all de- 
grees of Vellow, and ſo. on. Let 5 be the center of gravity of 
the arch DE, and , 7, 5, 7, u, x, the centers of gravity of the 
arches EF, Fo, GA, AB, BC and cp reſpectively ; and about thoſe 
centers of gravity let circles, proportional to the number of rays 
of each colour in the given mixture, be deſcribed ; that is, the 
circle p Proportional to the number of the Red-making rays in 
the mixture; the circle q proportional to the number of the 
Orange-making rays in the mixture, and ſo of the reſt. Find 
the common. center of gravity of all thoſe circles Þ,-Q, I, &, J, u, 
v. Let that center be z; and from the center of the circle Apr, 
through 2 to the circumference, drawing the right line or, the 
place of the point y in the circumference ſhall ſhew the colour 
ariſing from the compoſition of all the colours in the given mix- 
ture; and the line 0z ſhall be proportional to the fulneſs or in- 
tenſeneſs of the colour, that is, to its diſtance from Whiteneſs. 
As if 1 fall in the middle between F and 6, the compounded co- 
jour ſhall be the beſt Yellow x if v verge from the middle towards 
F Or 6, the compound colour fhall accordingly be a Yellow, verg- 
ing towards Orange or Green. If z fall upon the circumference, 
the colour ſhall be intenfe and flogid in the higheſt degree; if it 
fall in the mid-way between the circumference and center, it ſhall 
be but halt ſo intenſe; that is, it ſhall be ſuch a colour as would- 
be made by diluting the intenſeſt Yellow with an equal quantity 
of Whiteneſs ; and if it fall upon the center o, the-colour ſhall 
have loſt all its intenſeneſs, and become a White. But it is to be 
noted, that if the point 2 fall in or near the line op, the main. 
ingredients being the Red and Violet, the colour compounded 
ſhall not be any of the Priſmatick colours, but a Purple, inclining 
to 
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to Red or Violet, accordingly as the point 2 lieth on the ſide of Compound of 
the line Do towards E or towards c; and in general the compound- Cobh. 
ed Violet is more bright and more fiery, than the uncompounded. 
Alſo if only two of the Primary colours, which in the circle are 
oppoſite to one another, be mixed in an equal proportion, the 
point Z ſhall fall upon the center o, and yet the Colour com- 
pounded of thoſe two ſhall not be perfectly White, but- ſome 
faint anonymous colour. For I could never yet by mixing only 
two Primary colours produce a perfect White. Whether it may 
be compounded of a mixture of three, taken at equal diſtances 
in the circumferences, I do not know ; but of four or five I do not 
much queſtion . but it may. But theſe are curioſities of little or 
no moment to the underſtanding the phznomena of Nature. For 
in all Whites, produced by Nature, there uſes to be a mixture of 
all ſorts of rays, and by conſequence a compoſition of all colours. 
To: give an inſtance of this rule; ſuppoſe a colour is com- 
pounded of theſe Homogeneal colours, 'of Violet one part, of 
Indigo. one part, of - Blue two parts, of Green three parts, of Yel- 
low five parts, of Orange ſix parts, and of Red ten parts. Pro- 
portional to theſe parts deſcribe the circles x, o, J, J, 7, J, , re- 
ſpectively; that is, ſo that if the circle x» be one, the circle v 
may be one, the circle z two, the circle s three, and the circles 
7, q and p, five, fix and ten. Then 1 find z the common center 
of gravity of theſe circles; and through 2 drawing the line or, 
the point 1 falls upon the circumference between E and F, ſome. 
thing nearer to x than to y; and thence I conclude, that the co- 
lour compounded of theſe ingredients will be an Orange, verging 
a little more to Red than to Yellow. Alſo find that oz is a little 
leſs than one half of or; and thence I conclude, that this Orange 
hath a little leſs than half the fulneſs or intenſeneſs of an un- 
compounded Orange; that is to ſay; that it is ſuch an Orange, as 
may be made by mixing an Homogeneal Orange with a good 
White, in the proportion of the line oz to the line zr; this pro- 
portion- being not of the quantities of mixed orange and white 
powders, but of the quantities of the lights reflected from them. 
This Rule I conceive accurate enough for practice, though not 
mathematically accurate ; and the truth of it may be ſufficiently 


O 2 = proved 


"5 


F 2 Book I. 


proved to ſenſe, by ſtopping any of the colours at the lens in the 
tenth Experiment of this Book. For the reſt of the colours, 


which are not ſtopped, but paſs on to the focus of the lens, will 


there compound, either accurately or very nearly, fuch a colour, 


as by this Rule ought to refult from their mixture. 


All Colours 


either 


on VI ren . 
AII the colours in the univerſe which are made by light, and depend 
not on the power of imagination, are either the colours of Ho- 


- mogeneal Lights, or compounded of theſe; and that either accu- 


rately. ar very Ws according to the Rule of the foregoing 
Problem. 


For it has been proved (in Prop. I. Part II.) that the changes of 
colours, made by refractions, do not ariſe from any new modifica- 
tions of the rays impreffed by thofe refractions, and by the va- 
rions terminations of night and ſhadow, as has been the conſtant 
and general opinion of philofophers. It has alſo been proved, 
that the ſeveral colours of the Homogeneal Rays do conſtantly an- 
fwer to their degrees of refrangibility (Prop. I. Part I. and Prop. 
II. Part II.) and that their degrees of refrangibility cannot be 
changed by refractions and reflexions (Prop. II. Part I.) and by 
conſequence that thoſe: their colours are likewiſe immutable. It 
has alſo been proved directly, by refracting and reflecting Homo- 
geneal Lights apart, that their colours cannot be changed (Prop. 
I. Part II.) It has been proved alſo, that when the feveral ſorts- 
of rays are mixed, and in croſſing paſs through the ſame ſpace, 
they do not act on one another fo as to change each others colorific 
qualities (Exper. xo. Part II.) but, by mixing their actions in the 
fenſorium, beget a ſenſation differing from what either would do 
apart, that is a ſenſation of a mean colour between their proper 
colours; and particularly when by the concourſe and mixtures of 
all ſorts of rays, a White colour is produced, the White is a mix- 
ture of all the colours, which the rays would have apart (Prop. v. 
Part. II.) The rays in that mixture do not loſe or alter their ſe- 


veral colorific qualities, but by all their various kinds of actions, 


mixed in the ſenſorinm, beget a ſenſation of a middling colour 
between 
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between all their colours, which is Whiteneſs. For Whitenefs is Homogeneal 
a mean between all colours, having itſelf indifferently to them pounded. 


all, ſo as with equal facility to be tinged with any of them. A 
Red powder mixed with a little Blue, -or a Blue with a little Red, 


doth not preſently loſe its colour; but a White powder mixed with 
any colour is preſently tinged with that colour, and is equally 


capable of being tinged with any colour whatever. It has been 
ſhewed alſo, that as the ſun's light is mixed of all ſorts of rays, 
ſo its Whiteneſs is a mixture of the colours of all ſorts of rays ; 
thoſe rays having from the beginning their ſeveral colorific qua- 
lities, as well as their ſeveral refrangibilities, and retaining them 


perpetually unchanged, notwithitanding any refractions or re- 
flexions they may at any time ſuffer ; and that whenever any ſort 


of the ſun's rays is by any means (as by reflexion in Exper. 9g 


and 10. Part I. or by refraction as happens in all refractions) ſe- 


parated from the reſt, then they manifeſt their proper colours. 
Theſe things have been proved: and the ſum of all this amounts 
to the Propoſition here to be proved. For if the ſun's light is 


mixed of ſeveral ſorts of rays, each of which have originally 


their ſeveral refrangibilities and colorific qualities, and notwith- 


ſtanding their refractions and reflexions, and their various ſepara- 
tions or mixtures, keep thoſe their original properties perpetu- 


ally the ſame without alteration; then all the colours in the world 


muſt be ſuch, as conſtantly ought to ariſe from the original colo- 


rific qualities of the rays, whereof the lights conſiſt, by which 
thoſe colours are ſeen. And therefore if the reaſon of any co- 
lour whatever be required, we have nothing elſe to do, than to 


conſider how the rays in the ſun's light have, by reflexions or 


refractions, or other cauſes, been parted from one another, or 
mixed together; or otherwiſe to find out what ſorts of rays are 
in the light, by which that colour is made, and in what propor- 


tion; and then, by the laſt Problem, to learn the colour which 


ought to ariſe by mixing thoſe rays, or their colours, in that 
proportion. I ſpeak here of colours ſo far as they ariſe from 
light. For they appear ſometimes by other cauſes; as when by 
the power of phantaſy we ſee colours in a dream; or a mad-man 
ſecs things before him which are not there; or when we ſee fire 
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by ſtriking the eye; or ſee colours like the eye of a peacock's fea- 

ther, by preſſing our eyes in either corner, whilſt we look the 

other way. Where theſe and ſuch like cauſes interpole not, the 

colour always anſwers to the ſort or ſorts of the rays, whereof 
| the light conſiſts; as I have conſtantly found in whatever phæno- 
| mena of colours I have hitherto been able to examine. I ſhall 


in the following Propoſitions give inſtances of this in the Phæno- 
mena of chiefeſt note. 


K+ + e e = TT a Tn Þ Wo. Oo WH 
By the diſcovered properties of light to explain the colours made by 
priſms. 


| ThePriſmaie Let ABC [in Ag. 1 2. ] repreſent a priſm refracting the light of 
| the fun, which comes into a dark chamber, through a hole, 5e, 
almoſt as broad as the priſm ; and let MN repreſent a white paper, 
on which the refracted light is caft; and ſuppoſe the moſt refran- 
gible, or deepeſt Violet- making, rays fall upon the ſpace vn; the 
- leaſt Refrangible or deepeſt Red-making rays, upon the ſpace 17; 
the middle ſort between the Indigo-making and Blue-making rays, 
upon the ſpace Qy ; the middle ſort of the Green-making rays 
upon the ſpace Ro; the middle ſort between the Yellow-making 
and Orange-making Tays, upon the ſpace so; and other interme- 
diate forts, upon intermediate ſpaces. For ſo the ſpaces, upon 
which the ſeveral ſorts adequately fall, will, by reaſon of the dit- 
ferent refrangibility of thoſe ſorts, be one lower than another. 
Now if the paper, MN, be ſo near the priſm, that the ſpaces Pr 

and x) do not interfere with one another; the diſtance between 
them, Tr, will be illuminated by all the forts of rays, in that pro- 

portion to one another which they have at their very firſt coming 

out of the priſm, and conſequently be White. But the ſpaces 
PT and x) on either hand, will not be illuminated by them all, 
and therefore will appear coloured. And particularly at p, where 
the outmoſt Violet-making rays fall alone, the colour muſt be the 
deepeſt Violet. At Q, where the Violet-making and Indigo- 
making rays are mixed, it muſt be a Violet inclining much to 
Indigo. At R, where the GG. Indigo-making, Blue- 

5 making, 
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colours muſt (by the conſtruction of the fecond Problem) com- — 


pound a middle colour between Indigo and Blue. At s, where 
all the rays are mixed except the Red- making and Orange- making, 
their colours ought by the ſame rule to compound a faint Blue, 
verging more to Green than Indigo. And in the progreſs from s 
to T, this Blue will grow more and more faint and dilute, till at 
T, where all the colours begin to be mixed, it ends in Whiteneſs. 

So again, on the other fide of the White, at 7, where the leaſt 
refrangible or outmoſt Red-making rays are alone, the colour. 
muſt be the deepeſt Red. At c, the mixture of Red and Orange 
will compound a Red inclining to Orange. At e, the mixture of 
Red, Orange, Yellow, and one half of the Green muſt compound 
a middle colour between Orange and Yellow. At „, the mix- 
ture of all colonrs but Violet and Indigo will compound a faint 
Yellow,. verging more to Green than to Orange. And this Yel- 
low will grow more faint and dilute continually in its progreſs. 
from to r, where by a mixture of all ſorts of rays it will be- 
come White. 

Theſe colours ought to appear, were the fan s light perfectly 
White: but becauſe it inclines to Yellow, the exceſs of the Yel-- 
_ low-making rays, whereby it is tinged with that colour, being. 
mixed with the faint Blue between s and r, will draw it to a faint 
Green. And ſo the colours in order from ? to 7 ought to be 
Violet, Indigo, Blue, very faint Green, White, faint Vellow, 
Orange, Red. Thus it is by the computation: and they that pleaſe 
to view the colours made by a priſm, will find it fo in Nature. 

Theſe are the colours on both fides the White, when the pa- 
Per is held between the priſm and the point x, where the colours 
meet and the interjacent white vaniſhes. For if the paper be 
held till farther off from the priſm, the moſt refrangible and. 
leaſt refran gible rays will be wanting in the middle of the light, 
and the reſt of the rays which are found there, will by mixture- 
produce a fuller Green than before. Allo the Yellow and Blue: 
will now become leſs compounded, and by conſequence more in- 
tenſe than before. And this alſo agrees with experience. 
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And if one look through a priſm upon a white object encom- 
paſſed with blackneſs or darkneſs, the reaſon of the colours ariſ. 
ing on the edges is much the ſame; as will appear to one that 
ſhall a little conſider it. If a black object be encompaſſed with 
a white one, the colours which appear through the priſm are to 
be derived from the light of the white one, ſpreading into the 
regions of the black; and therefore they appear in a contrary or- 
der to that, when a white object is ſurrounded with black. And 
the ſame is to be underſtood when an object 1s viewed, whoſe 
parts are ſome of them leſs luminous than others. For in the 
borders of the more and leſs luminous parts, colours ought al- 
ways, by the ſame principles, to ariſe from the exceſs of the light 
of the more luminous, and to be of the ſame kind as if the 
darker parts were black, but yet to be more faint and dilute, 
What is ſaid of colours made by priſms may be eaſily applied 

to colours made by the glaſſes of teleſcopes or nucroſcopes, or by 
the humours of the eye. For if the object-glaſs of a teleſcope 
be thicker on one ſide than on the other, or if one half of the 
glaſs, or one half of the pupil of the eye be covered with any 
opake ſubſtance: the object-glaſs, or that part of it, or of the 
eye, Which is not covered, may be conſidered as a wedge with 
crooked ſides; and every wedge of glaſs, or other pellucid ſub- 
ſtance, has the effect of a priſm in refracting the light WRICH. 
paſſes through it (8). 

How the colours in the ninth and tenth Experiments of the 
firſt Part ariſe from the different reflexibility of light, is evident 
by what was there ſaid. But it is obſervable in the ninth Expe- 
riment, that whilſt the ſun's direct light is Yellow, the exceſs of 
the Blue making rays in the reflected beam of light MN, ſuffices 
only to bring that Yellow to a pale White inclining to Blue, and 
not to tinge it with a manifeſtly Blue colour. To obtain there- 
fore a better Blue, I uſed inſtead of the Yellow light of the ſun 
the White light of the clouds, by varying a little the Experiment, 
as follows. 

Exper. 16. Let HFG [in fig. 13.] repreſent a priſm in the open 
air; and s, the eye of the ſpectator, 'viewing the clouds by their 
light coming into the priſm at the plane ſide FIOk, and reflected 


(*) Vide Lect, Opt. Part II. Sect. v. 
in 
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in it by its baſe HEIG, and thence going out through i its plans Colours 
ſide HEFK to the eye. And when the priſm and eye are conve- Pn 
niently placed, ſo that the angles of incidence and reflexion at the 
baſe may be about 40 degrees; the ſpectator will ſee a bow MN 
of a Blue colour, running from one end of the baſe to the other, 
with the concave ſide towards him; and the part of the baſe ING 
beyond this bow will be brighter than the other part, EMNH, on 
the other fide of it. This Blue colour MN being made by nothing 
elſe than by Reflexion of a ſpecular ſuperficies, ſeeras ſo odd a 
phenomenon, and fo difficult to be explained by the vulgar hy- 
potheſis of philoſophers, that I could not but think it deſerved 
to be taken notice of. Now for underſtanding the reaſon of it, 
ſuppoſe the plane aBc to cut the plane ſides and baſe of the priſm 
perpendicularly. From the eye to the line Bc, wherein that plane 
cuts the baſe, draw the lines sþ and st, in the angles SPE 50 
degr. , and sie 49 degr. --: and the point p will be the limit, 
beyond which none of the moſt refrangible rays can paſs through 
the baſe of the priſm, and be refracted, whoſe incidence is ſuch 
that they may be reflected to the eye; and the point 7 will be 
the like limit for the leaſt refrangible rays, that is, beyond which 
none of them can paſs through the baſe, whoſe incidence is ſuch 
that by reflexion they may come to the eye. And the point 7 
taken in the middle way between p and :, will be the like limit 
for the meanly refrangible rays. And therefore all the leaſt re- 
frangible rays which fall upon the baſe beyond 7, that is, between 
and B, and can come from thence to the eye, will be reflected 
thither : but on this ſide 2, that is, between z and c, many of 
theſe rays will be tranſmitted through the baſe. And all the moſt 
refrangible rays which fall upon the baſe beyond p, that is, be- 
tween p and B, and can by reflexion come from thence to the 
eye, will be reflected thither; but every where between p and c, 
many of theſe rays will get through the baſe and be refracted: 
and the ſame is to be underſtood of the meanly refrangible ravs 
on either fide of the point T. Whence it follows, that the baſe 
of the priſm muſt every where between 7 and B, by a total re- 
flexion of all ſorts of rays to the eye, look white and bright. 


And every where between p and c, by reaſon of the tranſmiſ- 
3 2 — fion 
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fion of many rays of every fort, look more pale, obſcure and 
dark. But at r, and in other places between 5 and 7, where all 
the more refrangible rays are reflected to the eye, and many of 
the leſs refrangible are tranfmitted, the excefs of the moſt re. 
frangible in the Reffected Light will tinge that light with their 


eolour, which is Violet and Blue. And this happens by taking 


the line cpx/ any where between the ends or the priſm, HG. and | 
EL (t). 


MRO RN. FROS W. 
* the dr iſcovered Properties of Light to explain the Colours of the 
Rain-bow. 


This bow never appears, but where it rains in the ſan-ſhine,, 
and may be made artificially by ſpouting up water which may 
break aloft, and ſcatter into drops, and fall down like rain. For 
the ſun ſhining upon theſe drops certainly cauſes the bow to ap- 
pear to a ſpectator ſtanding in a due poſition to the rain and ſun. 
And hence it is now agreed upon,. that this bow is made by re- 
fraction of the ſun's light in drops of falling rain. This was un- 
derſtood by ſome of the ancients, and of late more fully diſco- 
vered and explained by the famous Antonius de Dominis archbi- 
ſhop of Spalato, in his book De Radiis Viss & Lucis, publiſhed: 
by his friend Barzolus at Venice, in the year 1611, and written 


above 20 years before. For he teaches there how the interior 


bow 1s made in round drops of rain by two refractions of the 
ſun's light, and one reflexion between them; and the exterior, by 
two refractions and two ſorts of reflexions between. them in each 
drop of water; and proves his explications by Experiments made 
with a phial full of water, and with globes of glaſs filled with 
water, and placed in the ſun to make the colours of the two bows 


appear in them. The fame explication Des-Cartes hath purſued 


in his Meteors, and mended that of r exterior bow. But whilſt 
00 Vid, Lect. Opt. Part II. & 146—149. 


(') Vid: Lect. Opt. Part I. Set IV. Prop. xxxv. Cor. 1 & 2, 
63 Leſs Opt, Part I. Sect. IV. er. XXXVI, Cor. I & 2. 


they 
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they 1 underſtood not the true origin of colours, it is neceſſary to 
purſue it here a little farther, For underſtanding therefore how 
the bow is made, let a drop of rain, or any other ſpherical tranſ- 
parent body, be repreſented by the ſphere BN FG [in g. 14.] de- 
ſcribed with the center c, and ſemi- diameter cn. And let AN 
be one of the ſun's rays, incident upon it at N, and thence refracted 
to FT; Where let it either go ont of the ſphere by refraction to- 
wards. v, or be reflected to 6 ; and at o, let it either go out by re- 
fraction to R, or be reflected to H; and at , let it go out by re- 
fraction towards s, cutting the incident ray in v. Produce AN and 
RG till they meet in x; and upon Ax and NF let fall the perpen- 
diculars op and CE; and produce ep, till it fall upon the circum- 
ference at L. Parallel to the incident ray, AN, draw the diameter 
BQ; and let the fine of incidence ont of air into water be to the 
ſine of refraction as 1 to R. Now if you ſuppoſe the point of 
incidence, N, to move from the point B continually, till it come to 
L, the arch QF will firſt increaſe and then decreaſe; and ſo will 
the angle AxR, which the rays AN and R contain; and the arch 
oe, and angle AxR, will be biggeſt, when ND is to c as I — RR 
to 3rr in which caſe NE will be to ND as 2K to 1 (i). Alſo 
the angle avs, which the rays AN and Es contain, will firſt de- 
creaſe, - and then increaſe ; and grow leaſt, when ND is to CN as 
VII-RR to 8 RR; in which caſe Nx will be to ND as 3R to 100. 
And ſo the angle, which the next emergent ray (that is, the emer- 
gent ray after three reflexions) contains with the 1 incident ray AN, 


will come to its limit, when ND is to cn as VII- RR to 158 in 
which caſe NE will be to ND as 4R to 1. And the angle, which 
the rav next after that enmergent, that is, the ray emergent af- 
ter four reflexions, contains with th the incident, will come to its 


limit, when ND is to CN as VII- AR to V24RR; in which caſe 
NE will be to ND as 5R to 1: and ſo on infinitely, the numbers 
3, 8, 15, 24, &c. being gathered by continual addition of the 
terms of the Arithmetical Progreſſion 3, 8,7. 9, &c, The truth 
of all this Mathematicians will eaſily examine (). 


(ö) It all follows very evidently from the demonſtrations our author hath giv en of the two Pro- 
Politions referred to in Note i and x, 
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Now it is to be obſerved, that as when the ſun comes to his 
tropicks, days increaſe and decreaſe but a very little for a great 
while together; ſo when by increafing the diſtance cp, theſe an- 


gles come to their limits, they vary their quantity but very little 
for ſome time together ; and therefore a far greater number of 


the rays, which fall upon alt the points N in the quadrant BU, 
ſhall emerge in the limits of theſe angles, than in any other in- 


differ in refrangibility, will have different limits of their angles 
of .emergence ; and, by conſequence, according to their different 


degrees of refrangibility, emerge moſt copiouſly in different an- 


gles, and being ſeparated from one another appear each in their 
proper colours. And what thoſe angles are, may be eaſily ga- 
thered from the foregoing Theorem by computation. | 

For in the leaſt refrangible rays the ſines 1 and R (as was found 
above) are 108 and 8x, and thence by computation the greateft 
angle AXR will be found 42 degrees and 2 minutes; and the leaſt 
angle ays. 50 degrees and 57 minutes. And in the moſt refran- 
gible rays the ſines 1 and R are 109 and 81; and thence by com- 


putation the greateſt angle axR will be found 40 degrees and 17 


minutes, and the leaſt angle Ars 54 degrees and 7 minutes. 

Suppoſe now that o [in Fo. 15.) is the ſpectator's eye, and or 
a line drawn parallel to the ſun's rays ;. and let POE, por, poco, 
POH, be angles of 40 degr. 17 min. 42 degr. 2.min. 50 degr. 57 


min. and 54 degr. 7 min. reſpectively ; and theſe angles turned 


about their common fide oe, ſhall with their other ſides, ox, or, 
0G, OH, deſcribe the verges of two rain-bows AFBE and CHDG. 
For if E, r, o, H be drops, placed any where in the conical ſuper- 
ficies defcribed by OE, or, od, OH, and be illuminated by the ſun's 


rays SE, SF, SG, SH; the angle sEo being equal to the angle POE 


or 40 deg. 17 min. ſhall be the greateſt angle, in which the moſt 
refrangible rays can, after one reflexion, be refracted to the eye; 
and therefore all the drops in the line os ſhall ſend the moſt re- 


frangible rays moſt copioufly to the eye, and thereby ſtrike the 


ſenſes with the deepeſt Violet colour in that region. And in like 
manner the angle sro being equal to the angle por, or 42 degr. 
2 min. ſhall be the greateſt, in which the leaſt refrangible rays, 

after 


And farther it is to be obſerved, that the rays, which 
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after one reflexion, can emerge out of the drops; 3 and therefore e 


thoſe rays ſhall come moſt copiouſly to the eye from the drops in 
the line or, and ſtrike the ſenſes with the deepeſt Red colour in 
that region. And by the ſame argument, the rays, which have 
intermediate degrees of refrangibility, ſhall come moſt copiouſly 
from drops between k and r, and ſtrike the ſenſes with the inter- 
mediate colours, in the order which their degrees of refrangibity ; 
require; that is in. the progreſs from E to F, or from the inſide 
of the bow to the outſide, in this order; Violet, Indigo, Blue, 
Green,. Yellow, Orange, Red. But the Violet, by the mixture 
of the White light of the cout, will appear. faint, and incline 
to Purple. 
Again, the angle s being equal to the angle ro, or 50 gr. 
51 min. ſhall be the leaſt angle, in which the leaſt refrangible 
rays can, after two reflexions, emerge out of the drops; and there- 
fore the leaſt refrangible rays: ſhall. come moſt copiouſly to the 
eye from the drops in the line o, and ſtrike the ſenſe. with the 
deepeſt Red in that region. And the angle sHo being equal to 
the angle POH, or 54 gr. 7 min. ſhall be the leaſt angle, in which 
the moſt refrangible rays, after two reflexions, can emerge out 
of the drops; and therefore thoſe rays ſhall come moſt copiouſly 
to the eye from the drops in the line on,. and ftrike the ſenſes 
with the deeped Violet. in that region. And by the ſame argu- 
ment, the drops in the regions between & and x ſhall ſtrike the. 
ſenſe with the intermediate colours, in the order which their de- 
grees of refrangibility require; that is, in the progreſs from G to 
H, or from the inſide of the bow to the outſide, in this order; 
Red, Orange, Yellow, Green, Blue, Indigo, Violet, And ſince. 
theſe four lines ok, or, 0G, OH, may be ſituated any where in. 
the abovementioned Conical Superficies; what is ſaid of the drops 
and colours in theſe lines is to be underſtood of the drops and co- 
lours every where in thoſe ſuperficies. 
Thus ſhall there be made two bows of colours, an interior 
and ſtronger, by one reflexion in the drops, and an exterior and. 
fainter by two; for the light becomes fainter by every reflexion. 
And their dur ſhall lie in a contrary order to one another, the 
Red of both bows bordering upon the ſpace, GF, which is between 
the 
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925 bows. The breadth of the interior bow, EOF, meaſured. croſs 

Be © colours, ſhall" be" I deg. 4 5 min. and the breadth of the 
pri Gon, mall de * deg. 10 min. and the diſtance between 
them oo mall be 8 gr. 55 min. the greateſt ſemi-diarneter of the 
invermoſt; that is, the angle por being 42 gr. 2, min. and the 


leaſt ſemi- diameter of the outermoſt po, being 30 gr. 57 min, 


Theſe are the meaſures of the bows, as they would be, were the 
ſun but a point ; for by the breadth of his body the breadth of 


the bows will be increaſed and their diſtance decreaſed by half a 


degree, and 0 the br eadth of the 1ntcrior Iris will be 2 deg. 15 


min. that of the exterior 3 deg. 40 min, their diſtance 8 deg. 25 


min. the greateſt ſemi-diameter of the interior bow 42 deg. 17 
min. and the leaſt of the exterior 30 deg. 42 min. And ſuch 
are the dimenſions of the bows in the heavens found to be very 
nearly, when their colours appear ſtrong and perfect. For once, 


by ſuch means as I then had, I meaſured the greateſt ſemi:- dia- 


meter of the interior Iris about 42 degr: ees; and the breadth of 


the Red, Yellow and Green in that Iris, 63 or 64 minutes; beſides: 


the outmoſt faint Red obſcured by the brightneſs of the clouds, 
for which we may allow 3 or 4 minutes more. The breadth of 
the Blue was about 40 minutes. more beſides the Violet, which 


was ſo much obſcured by the brightneſs of the clouds, that I 


could not meaſure its breadth. But ſuppoſing the breadth of the 
Blue and Violet together to equal that of the Red, Yellow and 
.Green together, the whole breadth of this iris will be about 24 
degrees, as above. The leaſt diſtance between this iris and the 


exterior iris was about 8 degrees and 30 minutes. The exterior 


iris was broader than the interior, but ſo faint, eſpecially on the 


Blue ſide, that I could not meaſure its breadth diſtinctly. At an- 


other time when both bows. appeared more diſtinct, I meaſured 
the breadth of the interior iris 2 gr. To, and the breadth of the 
Red, Yellow and Green in the exterior iris, was to the breadth of 
the ſame colours in the interior as 3 to 2. 


This explication of the rain-bow is yet farther confirmed by 


the known experiment, made by Antonius de Dominis and Des- 


Carles, of hanging up any where in the ſun-ſhine a glaſs globe 
filled with water; and viewing it in ſuch a poſture, that the rays, 
5 | which 


n 42:44 


which core from the globe to the eye, may contain with the rle 
ſun's rays an angle of either 42 of 50 degrees. For if the an- 


ge be about 42 vr 43 derte he hactator, ſuppoſe at o, ſhalf 
ſee a full Red colour in that fide of the globe oppoſed to the fun, 
as it is repreſented at ; and if that angle become leſs, ſuppoſe 
by deprefling the globe to E, there will appear other colours, Yel- 
low, Green and Blue fucceffively in the ſame ſide of the globe. 
But if the angle be made about 30 degrees, ſuppoſe by lifting up 
the globe to 6, there will appear a Red colour in that ſide of the 
globe towards the ſun; and if the angle be made greater, ſup- 
poſe by lifting up the globe to h, the Red will turn ſucceſſively 
to the other colours, Yeltow, Green and Blue. The ſame thing 
I have tried by letting a globe reſt, and raifing or depreſſing the 
eye, or otherwiie moving it to make the angle of a juſt mag- 
nitude. | FCC 

I have heard it repreſented, that if the light of a candle be 
refracted by a priſm to the eye; when the Blue colour falls upon 
the eye, the ſpectator ſhall ſee Red in the priſm, and when the 
Red falls upon the eye he ſhall ſee Blue : and it this were cer- 
tain, the colours of the globe and rain-bow ought to appear in a 
contrary order to what we find. But the colours of the candle 
being very faint, the miſtake ſeems to ariſe from the difficulty of 
diſcerning what colours fall on the eye. For, on the contrary, 
I have ſometimes had occaſion to obſerve in the ſun's light, re- 
fracted by a priſm, that the ſpectator always ſees that colour in 
the priſm, which falls upon his eye. And the ſame I have found 
true alſo in canle-light. For when the priſm.is moved {lowly 
from the line which is drawn directly from the candle to the eye, 
the Red appears firſt in the priſm, and then the Blue; and there- 
tore each of them is ſeen when it falls upon the eye. For the. 
Red paſſes over the eye firſt, and then the Blue. 


The light which comes through drops of rain by two refrac- Haros and 


tions without any reflexion, ought to appear ſtrongeſt at the diſ- 
tance of about 26 degrees from the ſun, and to decay gradually 
both ways, as the diſtance from him increaſes and decreaſes. 
And the fame is to be underſtood of light tranſmitted through- 
Ipherical hail-ſtones. And if the hail be a little flatted, as it often 

| 187 


PARHELIA. 


112 


Haros and 
PARHELIA, 


by terminating the light by the ſnow, may make a r with- 
in and colourleſs without, and darker in the red than without, as 


Origin of e Theſe colours af hence; that ſome natural bodies re- 


permanent 


Colours 


moon; which halo, as often as the hail-ſtones are duly figured, 
may be coloured. And then it muſt be Red within by the leaſt re- 
= frangible rays, and Blue without by the moſt refrangible ones; 
eſpecially if the hail-ſtones have opake globules of ſnow in their 
center to intercept the light within the halo (as Hugenius has ob- 


the rubriform will be leaſt refracted, and ſo come to the eye in 
the directeſt lines. | 


the moſt refrangible, moſt copiouſly, and thence have their co- 
lour, and ſo of other bodies. Every body reflects the rays of its 
own colour more copiouſly than the reſt, and from their excels 
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is, the light tranſmitted may grow ſo ſtrong at a little leſs diſtance 
than that of 26 degrees, as to form a halo about the ſun or 


ſerved) and make the inſide thereof more diſtinctly defined than 
it would otherwiſe be. For ſuch hail-ſtones, though ſpherical, 


halos uſe to be. For of thoſe rays which paſs cloſe by the ſnow, 


The light which paſſes throug gh a drop of rain after two re- 
fractions, and three or more reflexions, is ſcarce ſtrong enough 
to cauſe a ſenſible bow; but in thoſe cylinders of ice by which 
E explains the Parbelia, it may e be ſenſible, 


PROP. > PRO B. V. 


0 By the F: eee properties of Light to explain the Permanent Colours 
of Nature. Bodies. 


flect ſome ſorts of rays, others other ſorts more copiouſly than 
the reſt. Minium reflects the leaſt refrangible or Red-making 
rays more copiouſly, and thence appears Red. Violets reflect 


and predominance in the Reflected Light has its colour. - 

Exper. 17. For if in the Homogeneal Lights, obtained by the 
ſolution of the Problem propoſed in the fourth Propoſition of the 
firſt Part of this Book, you Place bodies of ſeveral colours; you v "me 
find, as 1 have done, that every body looks moſt ſplendid and lu- 
minous in the lightof its own colour. Cinnaber in the Homogeneal 


Red light 3 is moſt reſplendent, in the Green light it is manifeſtly 
lets 


PART II. „%% ol, op 113 
Jeſs reſplendent, and in the Blue light ſtill leſs. Indigo in the of Natur! 
Violet- blue light is moſt reſplendent, and its ſplendor is gradually _ 
diminiſhed as it is removed thence. by degrees through the Green 
and Yellow light to the Red. By a leek the Green light, and 
next that the Blue and Yellow which compound Green, are more 
ſtrongly reflected than the other colours, Red and Violet, and fo 
of the reſt. But to make theſe experiments the more manifeſt, 
ſuch bodies ought to be choſen as have the fulleſt and moſt vivid 
colours, and two of thoſe bodies are to be compared together. 
Thus, for inſtance, if Cinnaber and Ultra-marine blue, or ſome 
other full blue, be held together in the Red homogeneal light, 
they will both appear Red; but the Cinnaber will appear of a 
ſtrongly luminous and reſplendent Red, and the Ultra-marine 
blue of a faint obſcure and dark Red; and if they be held toge- 
ther in the Blue homogeneal light they will both appear Blue, 
but the Ultra-marine will appear of a ſtrongly luminous and re- 
ſplendent Blue, and the Cinnaber of a faint and dark Blue, 
Which puts it out of diſpute, that the Cinnaber reflects the Red 
light more copiouſly than the Ultra-marine doth, and the Ultra- 
marine reflects the Blue much more copiouſly than the Cinnaber 
doth. The ſame experiment may be tried ſuccefsfully with Red 
Lead and Indigo, or with any other two coloured bodies, if due 
allowance be made for the different ſtrength and weakneſs of their 
colour and light. 

And as the reaſon of the colours of Natural Bodies is evident 

by theſe experiments, ſo it is farther confirmed and put paſt diſ- 
pute by the two firſt Experiments of the firſt Part; whereby it 
was proved in ſuch bodies, that the reflecting lights, which dif- 
fer in colours, do differ alſo in degrees of refrangibility. For 
thence it is certain, that ſome bodies reflect the more refrangi- 
ble, others the leſs refrangible rays more copioully. 

And that this is not only a true reaſon of theſe colours, but 
even the only reaſon, may appear farther from this conſidera- 
tion, that the colour of Homogeneal Light cannot be changed by 
the reflexion of Natural Bodies. 
For if bodies by reflexion cannot in the leaſt change the co- 


lour of any one ſort of rays, they cannot appear coloured by 
Vol. IV Q | any 
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Origin of the any. Other: means, than by reflecting thoſe which either are of 
permanent their Own. colour, or which by mixture muſt produce it. 
But in trying experiments of this kind, care muft be had that 
the light be ſufficiently Homogeneal.. For if bodies be iflumi- 
nated by the ordinary Priſmatick Cotours,. they wull appear nei- 
ther of their own day- light colours, nor of the colour of the 
light caſt on them; but of ſome middle colour between both, as. 
1 have found by experience. Thus red lead, for inſtance, illu- 
minated with the ordinary Priſmatick Green, will not appear ei- 
ther Red or Green, but Orange or Yellow, or between Yellow and 
Green, accordingly as the Green light, by which it is illuminated, 
is more or leſs compounded. For becauſe red lead appears Red, 
when illuminated with White light, wherein all ſorts of rays are 
- equally mixed, and in the Green light all ſorts of rays are not 
equally mixed; the exceſs of the Yellow-making, Green-making. 
and Blue-making rays in the incident Green light, will. caufe thoſe: 
rays to abound ſo much in the Reflected light, as to draw the 
colour from Red towards their colour. And becauſe the red lead: 
reflects the Red- making rays moſt copiouſſy in proportion to their 
number, and next after them the Orange-making and Yellow- 
making rays; theſe rays in the Reflected light will be more, in 
proportion to the light, than they were in the incident Green. 
light, and thereby will draw the Reflected light from Green to- 
wards their colours. And therefore the Red lead will appear net- 
ther Red. nor Green, but of a colour between both, 
In tranſparently coloured liquors it is obſervable, that their cos 
lour uſes to vary with their thickneſs. Thus, for inftance,. a 
Red liquor in a Conical glaſs held between the light and the eye, 
looks of a pale and dilute Vellow at the bottom, where it is thin; 
and a little higher, where it is thicker, grows Orange; and where 
it is ſtill thicker, becomes Red; and where it is thickeſt, the 
Red is deepeſt and darkeſt (m). For it is to be conceived that 
ſuch a liquor ſtops the Indigo-making and Violet-making rays 
moſt eaſily, the Blue-making rays more difficultly, the Green- 
making rays ſtill more difficultly, and the Red-making moſt dif- 
ficultly : and that if the thickneſs of the liquor be only fo much 
(>). Vide Lect. Opt. Part IL 8 97. 
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PART II. SS 43.44 4 
as ſuffices to ſtop a competent number of the Violet-making and of Natural 


Indigo-making rays, without diminiſhing much the number of* 


the reft, the reſt muſt (by Prop. vi. Part I.) compound a pale 


Yellow. But if the liquor be ſo much thicker, as to ſtop alſo a 


great number of the Blue-making rays, and ſome of the Green- 
making, the reſt muſt compound an Orange; and where it is ſo 
thick, as to ſtop alſo a great number of the Green-making, and 
a conſiderable number of the Yellow-making, the reſt muſt be- 
gin to compound a Red; and this Red muſt grow deeper and darker 


as the Vellow-making and Orange-making rays are more and 
more ſtopped by increaſing the thickneſs of the liquor, ſo that 
few rays befides the ed-making can get through. 


Of this kind is an experiment lately related to me by Mr. 


Halley; who, in diving deep into the ſea in a diving-veffel, found 
in a clear ſun-ſhine day, that when he was funk many fathoms 
deep into the water, the upper part of his hand, on which the 


ſun ſhone directly through the water, and through a ſmall glaſs- 


window in the veſſel, appeared of a Red colour like that of a 
damaſk roſe; and the water below, and the upper part of his 
hand, illuminated by light reflected from the water below, look 


Green. For thence it may be gathered, that the ſea-water re- 


flects back the Violet and Blue making rays moſt eaſily, and lets 
the Red-making rays paſs moſt freely and copiouſly to great 


_ depths. Fer thereby the ſun's direct light at all great depths, by 
Treaſon of the predominating Red- making rays, muſt appear Red; 
and the greater the depth is, the fuller and intenſer muit that 


Red be. And at ſuch depths as the Violet-making rays ſcarce 


penetrate unto, the Blue-making, Green-making and Yellow- 


making rays, being reflected from below more copioully than the 
Red-making ones, muſt compound a Green. 
Now if there be two liquors of full colours, ſuppole a Red 


and a Blue, and both of them ſo thick as ſuffices to make their 


colours ſufficiently full; though either liquor be ſufficiently tranſ- 
parent apart, yet will you not be able to ſee through both toge- 
ther. For if only the Red-making rays pats through one liquor, 


and only the Blue-making through the other, no rays can paſs 


through . his Mr. Hook tried caſually with glaſs Wages 
| 9 2 filled 


115 


116 


rmanent 
lours 


S P'T 2 W % Boox I, 
Origin of the filled with Red and Blue liquors, and was ſurprized at the unex- 


pected event; the reaſon of it being then unknown: which 
makes me truſt the more to his Experiment, though I have not 


tried it myſelf. But he that would repeat it, muſt _ care the 
liquors be of very good and full colours. 


Now whilſt bodies become coloured by refleting or tranſmit- 


ting this or that fort of rays more copiouſly than the reſt ; it is 


to be conceived that they ſtop and ftifle in themſelves the rays, 
which they do not reflect or tranfmit. For if gold be foliated, 
and held between your eye and the light, the light looks of a 
greyiſh Blue; and therefore maſſy gold lets into its body the Blue- 
making rays, to be reflected to and fro within it, till they be 
ſtopped and ſtifled ; whilſt it reffects the Yellow-making outwards, 
and thereby looks Yellow. And much after the fame manner 
that leaf-gold is Yellow by reflected, and Blue by tranſmitted 
light, and maſfy gold is Yellow in all poſitions of the eye; there 
are ſome liquors, as the tincture of Lignum Nepriticum, and 
ſome ſorts of glafs, which tranſmit one' ſort of light moſt copi- 
ouſly, and reflect another ſort ; and thereby look of feveral co- 


tours, according to the poſition of the eye to the light. But if 
theſe liquors or glaſſes were ſo thick and maſſy, that no light 


could get through them; 1 queſtion not but they would, like all 
other opake bodies, appear of one and the ſame colour in all po- 
fitions of the eye, though this F cannot yet affirm by experience. 
For all coloured bodies, ſo far as my obſervation reaches, may 


| be ſeen through, if made ſufficiently thin; and therefore are in 


{ſome meafure Tranſparent, and differ only in degrees of tranfpa- 
rency from tinged tranſparent liquors ;' theſe liquors, as well as 
thoſe bodies, by a ſufficient thickneſs becoming Opake. A tranſ- 
parent body which looks of any colour by tranſmitted light, may 
alſo look of the fame colour by reflected light; the light of that 


colour being reflected by the farther ſurface of the body, or by 


the air beyond it. And then the reflected colour will be dimi- 
niſhed, and perhaps ceafe, by making the body very thick, and 
pitching it on the backſide to diminiſh the reflexion of its far- 
ther ſurface, ſo that the light reflected from the tinging particles 
may predominate. In ſuch —— the colour of the reflected 

light 
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fight will be apt to vary from that of the light tranſmitted, But af Naur 
1 . 2 55 Ai ode. 

whence it is that tinged bodies and liquors reflect ſome fort of 

tays, and intromit or tranſmit other ſorts, ſhall be ſaid in the 

next Book, In this Propoſition I content myſelf to have put it 

paſt diſpute, that bodies have ſuch properties, and thence appear 

coloured. | | 


"PX0F i PROMY VE 
By mixing coloured lights to compound a beam of light, of the ſame 


colour and nature with a beam of the ſun's direct light, and there- | 
in to experience the truth of the foregoing, Propofitions. 


Let aBcabc [in Hg. 16. ] repreſent” a priſm by which the ſun's To recompoſe 
light, let into a dark chamber through the hole r, may be re- Ti. 
fracted towards the lens MN, and paint upon it at , 9, r, Sand t, 
the uſual colours, Violet, Blue, Green, Yellow and Red; and let 
the diverging rays, by the refraction of this lens, converge again 
towards x, and there, by the mixture of all thoſe their colours, 
compound a White, according to what was ſhewn' above. Then 
let another priſm DEcder, parallel to the former, be placed at x, 
to refract that White light upwards towards v. Let the Refract- 
ing Angles of the priſms, . and their diſtances from the lens be 
equal; ſo that the rays which converged from the lens towards 
x, and, without refraction, would there have croffed and diverged 
again; may, by the refraction of the ſecond priſm, be reduced 
into paralleliſm, and diverge no more. For then thoſe rays will 
recompoſe a beam of White light, xv. If the Refracting An- 
gle of either priſm be the bigger, that priſm muſt be fo much 
the nearer to the lens. You. will know when the prifms and the 
lens are well ſet together, by obſerving if the beam of light xv, 
which comes out of the ſecond priſm, be perfectly White to the 
very edges of the light, and at all diftances from the priſm con- 
tinue perfectly and totally White like 2 beam of the ſun's light. 
For till this happens, the poſition of the priſms and lens to one 
another muſt be corrected; and then if by the help of a long 
beam of wood, as is repreſented in the figure, or by a tube, or 
ſome other ſuch inſtrument made for that purpoſe, they be made 
: — 
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To recompdſe faſt iu that ſituation, you may try all the ſame experiments in 
this compounded beam of light xy, which have been made in 
the ſun's direct light. For this compounded beam of light has 
the ſame appearance, and is endowed with all the ſame proper- 
ties with a direct beam of the ſun's light, ſo far as my obſcrva- 
tion reaches. And in trying experiments in this beam, you may, 
by ſtopping any of the colours p, 9, 7, 5 and' at the lens, ſee 
how the colours produced in the experiments are no other than 
thoſe which the rays bad at the lens, before they entered the com- 

poſition of this beam: and by conſequence, hat they arife not 

from any new modification? of the light by refractions and re- 
flexions, but from the various ſeparations and mixtures of the 
rays originally endowed with. their colour-making qualities. 

So, for inſtance, having with a lens 4; inches broad, and twe 
priſms on either hand 65 feet diſtant from the lens, made ſuch a 
beam of com pounded lis ht: to examine the reaſon of the colours 
made by Ene I refraced this ee of 1 


— 
— 


Pa . any = the colon 72 4 7, „ F at 5 Jene 1 found that 
the ſame colour would ,vaniſh at the paper. So if the Purple þ 
was ſtopped at the lens, the Purple » upon the paper would va- 
i ith, and the reſt af the colours would remain unaltered; unleſs 
” perhaps the Blue, ſo far as ſome Purple, latent in it at the lens, 
might be ſeparated from it by the followu refractions. And 
fo by atercepting the Green upon the jens, the Green R upon the 
/ papel would wanith, and ſo of the reſt; which plainly thews, 
that as the White beam of light, xy, was compounded of ſeveral 
lights variouſly coloured at the lens, ſo the colours, which after- 
wards emerge out of it by new refractions, are no other than 
thoſe of which its Whitenefs was compounded. The retraction 
of the priſm HIX generates the colours PR upon the paper, 
not by changing the coloriſic qualities of the rays, but by ſepa- 
rating the rays, which had the very ſame colorific qualities before 
8 they entere@ the compoſition of the refracted beam of White light 
xx. Forotherwiſe the rays which were of one colour at the lens 


might be of anoth er upon the Paper, contrary to What we find. : 
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80 _ to examine the reaſon of the colours of Natural Bo- the Solar 


dies, I placed ſuch bodies in the beam of light xv, and found 
that they all appeared there of thoſe their own colours which they 
have in day-light; and that thoſe colours depend upon the rays, . 
which had the ſame colours at the lens, before they entered the 
compoſition. of that beam. Thus, for inſtance, Cinnaber illu- 
minated by this beam appears bf. the ſame Red colour as in day- 
light; and if at the lens you intercept. the Green-making and 
Blue-making rays, its redneſs will become more full and lively: 
but if you there intercept the Red-making rays, it will not any 
longer appear Red,. but become Yellow or Green, or of ſome: 
other colour, according to the ſorts of rays which you do not in- 
tercept. So Gold in this light, xy, appears of the ſame Yellow 
colour as in day-light;. but by intercepting at the lens a due quan- 
| tity of the vellow- making rays, it will appear White like ſilver, 
as I have tried; which ſhews that its Yellowneſs ariſes from the 
exceſs of the intercepted: rays tinging that Whitenefs with their 
colour, when they are let paſs: So the infuſion. of Lignum Ne- 
Pbriticum, as J have alſo tried, when held in this beam of light, 
Xv, looks Blue by the reflected part of the light, and Red by the 
tranſmitted part of it, as when it is viewed in day-light: 1 
you intercept the Blue at the lens, the infuſion will loſe its reflected 
Blue colour, whilſt its tranſmitted Red remains perfect, and by 
the loſs of ſome Blue-making, rays, wherewith it was allayed, be- 
comes more intenſe and full. And, on the contrary, if the Red 
and Orange-making rays be intercepted at the lens, the infufion 
. will loſe its tranſmitted Red, whilft its Blue will remain, and be- 
= come more full and perfect. Which. ſhews,. that the infuſion 
does not tinge the rays with Blue and Red, but only tranſmit 
thoſe moſt copiouſly which were Red-making before, and reflects 
thoſe moſt copioufly which were Blue-mak ing before. And after 
the ſame manner may the reaſons of other phenomena be exa» 
mined, by trying them in this artificial beam of light, XT. 


THE 


Light, - 


Ohhſervations concerning the Refexions, Refrafions and Colours of 
thin tranſparent Bodies. 


th has been obſerved by others, that Tranſparent . as 
| Glaſs, Water, Air, 8c. when made very thin by being blown 
into bubbles, ar otherwiſe formed into plates, do exhibit various - 
colours according to their various thinneſs ; although at a greater 
thickneſs they appear very clear and colourleſs. In the former 
Book I forbore to treat of theſe colours; becauſe they ſeemed of 
a more difficult conſideration, and were not neceſſary for eſtabliſh- 
ing the properties of light there diſcourſedof. But becaule the) 
may conduce to farther diſcoveries for compleating the theory of 
light, eſpecially as to the conſtitution of the parts of Natural Bo- 
dies, on which their colours or tranſparency depend; I have here 
ſet down an account of them. To render this diſcourſe ſhort 
and diſtinct, I have firſt deſcribed the principal of my obſerva 
tions, and then conſidered and made uſe of them. The obſer- 
' vations are theſe, 
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03/. 1. Compreſſing two priſms hard together, that their ſides, Prifns 


which by chance were a very little convex, might ſomewhere 
touch one another : I found the place in which they touched to 
become abſolutely tranſparent, as if they had there been one con- 
tinued piece of glaſs. For when the light fell fo obliquely on 
the air, which in other places was between them, as to be all re- 
flected, it ſeemed in that place of contact to be wholly tranſ- 


compreſſed, 


Central Spot. 


mitted; inſomuch that when looked upon, it appeared like a 


black or dark ſpot, by reaſon that little or no ſenſible light was 


reflected from thence, as from other places; and, when looked 


through, it ſeemed as it were a hole in that air, which was formed 
into a thin plate by being compreſſed between the glaſſes. And 
through this hole objects, that were beyond, might be ſeen diſ- 
tinctly, which could not at all be ſeen through other parts of the 
glaſſes where the air was interjacent. Although the glaſſes were 
a little convex, yet this tranſparent. ſpot was of a conſiderable 
breadth, which breadth ſeemed principally to proceed from the 
yielding inwards of the parts of the glaſſes, by reaſon of their 
mutual preſſure, For by preſſing them very hard together it 
would become much broader than otherwiſe. 


05/ 2. When the plate of air, by turning the priſine about Rings of 


their common axis, became ſo little inclined to the incident rays, 
that ſome of them began to be tranſmitted; there aroſe in it many 
ſlender arcs of colours which at firſt were ſhaped almoſt like the 
conchoid, as you ſee them delineated in the firſt figure. And by 
continuing the motion of the priſms, theſe arcs increaſed, and 
bended more and more about the ſaid tranſparent ſpot, till they 


Colours. 


were completed into circles or rings incompaſſing it, and after- 


wards continuaily grew more and more contracted. 


Theſe arcs at their firſt appearance were of a Violet and Blue onder of the 


colour, and between them were White arcs of circles, which pre- 
ſently, by continuing the motion of the priſms, became a little 
tinged in their inward limbs with Red and Yellow, and to their 
outward limbs the Blue was adjacent. So that the order of theſe 
colours, from the central dark ſpot, was at that time White, 


Blue, Violet ; Black, Red, Orange, Yellow, White, Blue, Violet, 
Vol. IV. R &c. 


Colouts, 
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Number of 
the Rings. 


2 O0. 4. To obſerve more nicely the order of the circles, which 
cor prelice | 


gcc. But the Yellow and Red were much fainter than the Blue 
and Violet. 


 Whiteneſs on either ſide of it, until they totally vaniſhed into it, 


_ priſms, at which the rings appeared of many colours, I could 


DD 7 T 4 © Book II. 


The motion of the priſms about their axis ikea continued, 
theſe colours contracted more and more, ſhrinking towards the 


And then the circles in thoſe parts appeared Black and White, 
without any other colours intermixed. But by farther moving 
the priſms about, the colours again emerged out of the White- 
neſs, the Violet and Blue at its inward lmb, and at its outward 
limb the Red and Yellow. So that now their order from the cen- 
tral ſpot was White, Yellow, Red, Black, Violet, Blue, White, 
Yellow, Red, 8c. contrary to what it was before. 

OZ/. 3. When the rings or ſome parts of them appeared only 
Black and White, they were very diſtinct and well defined, and 
the Blackneſs ſeemed as intenſe as that of the central ſpot. Alſo 
in the borders of the rings, where the colours began to emerge 
out of the Whiteneſs, they were pretty diſtin, which made them 
viſible to a very great multitude. I have ſometimes numbered 
above thirty ſucceſſions, reckoning every Black and White ring 
for one ſucceſſion, and ſeen more of them, which by reaſon of 
their ſmallneſs I could not number. But in other poſitions of the 


not diſtingutſh above eight or nine of them, and the exterior of 
thoſe were very confuſed and dilute. 

In theſe two Obſervations to ſee the rings diſtinct, and with- 
out any other colour than Black and White, 1 found it neceſſary 
to hold my eye at a good diſtance from them. For by approach- 
ing nearer, although in the ſame inclination of my eye to the 
plane of the rings, there emerged a Blueiſh colour out of the 
White; which, by dilating itſelf more and more into the Black, 
rendered the circles leſs diſtinct, and left the White a little tinged 
with Red and Yellow. I found alſo by looking through a {lit or 
oblong hole, which was narrower than the pupil of my eye, and 
held cloſe to it, parallel to the priſms; I could ſee the circles much 
diſtincter, and viſible to a far greater number than otherwiſe. 


aroſe out of the White circles, as the rays became leſs and leis 
inclined 


Par. I. „ 123 


inclined to the plate of air; I took two object-glafſes, the one a 
plano-convex for a fourteen foot teleſcope, and the other a large 
double convex for one of about fifty foot; and upon this, laying 
the other with its plane fide downwards, I preſſed them ſlowly 
together, to make the colours ſucceſſively emerge in the middle 
of the circles, and then ſlowly lifted the upper glaſs from the 
lower to make them ſucceſſively vaniſh again 1n the ſame place. 
The colour, which by preſſing the glaſſes together emerged laſt 
in the middle of the other colours, would, upon its firſt appear- 
ance, look like a circle of a colour almoſt uniform from the cir- 
cumference to the center; and, by compreſling the glaſſes ſtill 
more, grow continually broader until a new colour emerged in 
its center, and thereby it became a ring encompaſling that new 
colour. And by comprefling the glaſſes ſtill more, the diameter 
of this ring would increaſe, and the breadth of its orbit or peri- 


meter decreaſe, until another new colour emerged in the center 

of the laſt : and ſo on until a third, a fourth, a fifth, and other 

1 following new colours ſucceſſively emerged there, and became 

; rings encompaſling the innermoſt colour, the leaſt of which was 

tf the Black ſpot. And, on the contrary, by lifting up the upper a 

a E {| glaſs from the lower, the diameter of the rings would decreaſe, 

| WE andthe breadth of their orbit increaſe, until their colours reach- l 
f | 


ed ſucceſſively to the center; and then they being of a conſide- | 
rable breadth, I could more eaſily diſcern and diſtinguiſh their 
ſpecies than before. And by this means I obſerved their ſucceſ- 


y ſion and quantity to be as followeth. 
!- Next to the pellucid central ſpot, made by the contact of the Sbcceftonand 
e glaſſes, ſucceeded Blue, White, Yellow and Red. The Blue was GELS 
le ſo little in quantity that I could not diſcern it in the circles made 
05 by the priſms, nor could I well diſtinguiſh any Violet in it; but 
d the Yellow and Red were pretty copious, and ſeemed about as 
or much in extent as the White, and four or five times more than 
Ne the Blue. The next circuit in order of colours, immediately en- 
ch compaſſing theſe, were Violet, Blue, Green, Vellow and Red: and 
theſe were all of them copious and vivid, excepting the Green, 
ch which was very little in quantity, and ſeemed much more fair and 
fs dilute than the other colours. Of the other four, the Violet was 
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low, Red: Purple, Blue, Green, Yellow, Red: Green, Red: 


Thickneſs of O#/. 5. To determine the interval of the glaſſes, or thickneſs 


the Plates of 
Air producing Of the interjacent air, by which each colour was produced, I 


that by their agreement I might be confirmed in them. And the 
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the leaſt in extent, and the Blue leſs than the Yeflow or Red. The 
third circuit or order was Purple, Blue, Green, Yellow and Red; 
in which the Purple feemed more reddiſh than the Violet in the 
former circuit, and the Green was much more conſpicuous, be- 
ing as briſk. and copious as any of the other colours, -except the 
Yellow ; but the Red began to be a little faded, inclining very 
much to Purple. After this ſucceeded the fourth circuit of Green 
and Red. The Green was very copious and lively, inclining on 
the one fide to Blue, and on the other fide to Yellow. But in 
this fourth circuit there was neither Violet, Blue, nor Yellow, 
and the Red was very imperfe& and dirty. Alſo the ſueceeding 
colours became more and more imperfect and dilute, till after 
three or four revolutions they ended in perfect Whiteneſs. Their 
form, when the glaſſes were moſt comprefed ſo as to make the 
Black fpot appear in the center, is delineated in the ſecond fi- 
gure ; where a, b, o, d, „ fg, b, i, k: h m, n, o, p. d, r. 5 
?: v, x: y, S denote the colours reckoned in order from the cen- 
ter; Black, Blue, White, Vellow, Red: Violet, Blue, Green, vel- 


greeniſh Blue, Red: N Blue, pale Red: greeniſh 2 red- 
diſh White. 


meaſured the diameters of the firſt ſix rings at the moſt lucid 
part of their orbits ; and ſquaring them, I found their ſquares to 
be in the arithmetical progreſſion of the odd numbers, 1, 3, 5, 7» 
9, 11. And ſince one of theſe glaſſes was plane, and the other 
ſpherical, their intervals at thoſe rings muſt be in the ſame pro- 
greſſion. 1 meaſured alfo the diameters of the dark or faint rings 
between the more lucid colours, and found their ſquares to be in 
the arithmetical progreſſion of the even numbers, 2, 4, 6, 8, 10, 
I2. And it being very nice and difficult to take theſe meaſures 
exactly; I repeated them divers times at divers parts of the glaſſes, 


{ſame method I uſed in determining ſome others of the following 


Obſervations. 
000. 
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ſphere on which the double convex object-glaſs was ground was 
about 102 feet; and hence I gathered the thickneſs of the air, 
or aereal interval of the glaſſes at that ring. But ſome time af- 
ter, ſuſpecting that in making this Obſervation I had not deter- 
mined the diameter of the ſphere with ſufficient accurateneſs, and 
being uncertain whether the plano-convex glaſs was truly plane, 
and not ſomething concave or convex on that fide which l account- 
ed plane; and whether I had not preſſed the glaſſes together, as 
I often. did, to make them touch; (for by prefling ſuch glafles 
together their parts eaſily yield inwards, and the rings thereby 
become ſenſibly broader than they would be, did the glaſſes keep 
their figures) I repeated the experiment; and found the dia- 
meter of the ſixth lacid ring about £5; parts of an inch. I re- 
= peated the experiment alſo with ſuch an object-glaſs of another 
= teleſcope as 1 had at hand. This was a double convex, ground 
I on both fides to one and the fame ſphere, and its focus was diſ- 
tant from it 837 inches. And thence, if the ſines of incidence 
and refraction of the bright Yellow light be aſſumed in propor- 
tion as 11 to 17, the diameter of the ſphere, to which the glaſs 
was figured, will by computation be found 182 inches. This 
glaſs I laid upon a flat one, ſo that the Black ſpot appeared in the 
that of the weight of the glaſs. And now meaſuring the dia- 
meter of the fifth dark circle, as accurately as I could, I found it 
the fifth part of an inch preciſely. This meaſure was taken with 
the points of a pair of compaſſes on the upper ſurface on the up- 
Per glaſs; and my eye was about eight or nine inches diſtant from 


the ſphere, 182 inches, is to the ſemi- diameter of this fifth dark 


= 5 | . . . . . 1 
ring, 35 parts of an inch, ſo is this ſemi-diameter to tLe thick- 
7 | neſs 


05% 6. The diameter of the ſixth ring, at the moſt lucid part ye fevera 
of its orbit, was 5% parts of an inch; and the diameter of the On. 


middle of the rings of colours, without any other preſſure than 


the glaſs, almoſt perpendicularly over it; and the glaſs was = of 
an inch thick : and thence it is-eaſy to collect that the true diame- 
ter of the ring between the glaſſes was greater than its meaſared 
diameter above the glaſſes, in the proportion of vo to 79, or 
chereabouts; and by conſequence equal to 5 part of an inch, and 
its true ſemidiameter equal to parts. Now as the diameter of 


126 


Thickneſs of 
the Plates o 


Air 


neſs of the air at this fifth dark ring; which is therefore 


1774784 


Its focus was diſtant from it 1687 inches, and therefore the dia- 


air at this ring, and a fifth part thereof, viz. the 


and a quarter, diſtant from the incident rays, and eight inches 
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77557 Or 
r parts of an inch; and the fifth part thereof, viz. . 
part of an inch, is the thickneſs of the air at the firſt of theſe 
dark rings. 

The ſame experiment I repeated with another double convex 


object-glaſs, ground on both ſides to one and the ſame ſphere, 


meter of that ſphere was 184 inches. The glaſs being laid up- 
on the ſame plain glaſs, the diameter of the fifth of the dark 
rings, when the black ſpot in their center appeared plainly with- 
out preſſing the glaſſes, was, by the meaſure of the compaſſes 
upon the upper glaſs, s parts of an inch; and by conſequence 


600 


between the glaſſes it was 35686. For the upper glaſs was + of an 
inch thick, and my eye was diſtant from it 8 inches. And a 
N proportional to half this from the diameter of the ſphere 
is 35 Parts of an inch. This is therefore the en of the 
ze sth part of 
an inch is the thickneſs thereof at the firſt of the rings, as above. 
I tried the ſame thing by laying theſe object-glaſſes upon flat 
pieces of a broken looking-glaſs, and found the ſame meaſures 
of the rings. Which makes me rely upon them, till they can be 
determined more accurately by glaſſes ground to larger ſpheres; 
though in ſuch glaſſes greater care muſt be taken of a true plane. 
Theſe dimenſions were taken when my eye was placed almoſt 


perpendicularly over the glaſſes, being about an inch, or an inch 


diſtant from the glaſs ; ſo that the rays were inclined to the glals 
in an angle of about four degrees. Whence by the following 
Obſervation you will underſtand, that had the rays been perpen- 
dicular to the glaſſes, the thickneſs of the air at theſe rings would 
have been leſs, in the proportion of the radius to the ſecant of 
four degrees, that is of T0000 to 10024. Let the thickneſſes 
found be therefore diminiſhed in this proportion, and they will 


become and --:--3 or, to uſe the neareſt round number, the 
—=-th 


TILL 


778 


(2) 84751 1 give this number as I find it in the third edition; which was the laſt publiſhed | in 
our Author's life-time, The fourth edition, publiſhed in 1730 after his death, as was ſaid from 
a copy 


* R 

PR I part of an inch. This is the thickneſs of the air at the 
An part of the Firſt dark ring made by perpendicular rays : 
and half this thickneſs multiplied by the progreſſion 1, 3, 5, 7, 9, 
11, &c. gives the thickneſſes of the air at the moſt luminous 
parts of all the brighteſt rings, viz. Nee ss, _ 


3 0009 1785665 


Kc. their arithmetical means 525559 554 &c. being its 


8000 EINER 


thickneſſes at the darkeſt parts of all the dark ones. 


Ob/. 7. The rings were leaſt, when my eye was placed perpen- 
dicularly over the glaſſes in the axis of the rings: and when I 


viewed them obliquely, they 


Angle of In- Angle of Re- Diameter Thickneſs : 
rt on theſfraction intoſof rhe {of the | became bigger; continually 
F ſwelling as I removed my eye 
Degr. Min. | farther from the axis. And 
00 00 OO 00 10 10 . 8 
TH ISS ws | nt partly by meaſuring the dia 
12 45 20 00 10% | roZ meter of the ſame circle at 
8 | oO . 5 
e 10 | ſeveral obliquities of my eye, 
29 4 LL 122 153 partly by other means, as alſo 
33 | I4 20 | FEES 2 
we kw}: 231 by making uſe of the two 
| 30 . 7 onto 8 05 73 priſms for very great obliqui- 
| 39 27 = bo 'j. eþ: | $24 ties, I found its diameter, and 
o oo 2 . : 
VV 177 0 | conſequently the thickneſs of 


the air at its perimeter, in all 
thoſe obliquities, to be very nearly in the proportions expreſſed 
in this Table. 

In the two firſt columns are expreſſed the obliquities of the in- 
cident and emergent rays to the plate of the air; that 1s, their 
angles of incidence and refraction. In the third column, the dia- 
meter of any coloured ring at thoſe obliquities is expreſſed in 
Parts, of which ten conſtitute that diameter, when the rays are 

perpendicular, And in the fourth column, the Thickneſs of the 
ar, at the circumference of that ring, is exprefſed in parts of which 
allo ten conſtitute its thickneſs, when the rays are perpendicular. 

And from theſe meaſures I ſeem to gather this rule: That the 
Thickneſs of the air is propartional to the ſecant of an angle, 


a Copy of the third edition corrected by the Author's own hand, and left before his death with 
the Bookſeller, has 847, But the better reading I take to be 84, which was the reading both 


of the firſt and ſecond edition, and of both the Latin editions of Dr. Clark. 


whole 
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Thickneſs of 
t! E of » 
Air. : 
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whofe fine is 4 certain mean proportional between the ſines of 

incidence and refraction. And that mean proportional, ſo far as 
by theſe meaſures J can determine it, is the firſt of an hundred 
and fix arithmetical mean proportionals between thoſe fines, 
counted. from the bigger. ſine; that is, from the fine of refrac- 
tion, when the refraction 1s made out of the glaſs into the plate 
of air; or from the fine of incidence, when the refraction is made 
out of the plate of air into the glaſs. 

'Oz/. 8. The dark ſpot in the middle of the rings increaſed alſo 


by the obliquation of the eye, although almoſt inſenſibly. But 
if inftead of the object-glaſſs the priſms were made ule of, its 


increaſe was more maniftft, when viewed ſo obliquely that no co- 
tours appeared about it. It was leaſt, when the rays were inci- 


dent moſt obliquely on the interjacent air, and as the obliquity 


decreaſed, it increaſed more and more until the coloured rings 
appeared; and then decrenſed again, but not ſo much as it in- 
creaſed before. And hence it is evident, that the tranſparency 


was not only at the abſolute contact of the glafſes,-but alſo where 


they had ſome little interval. I have ſometimes obſerved the dia- 
meter of that ſpot to be between half and dwo- fifth parts of the 


diameter of the exterior circumference of the Red in the firſt cir- 


Ring of Co- 
lours made 


cuit or revolution of colours, when viewed almoſt perpendicular- 
ly; whereas, when viewed obliquely, it hath wholly vaniſhed, 
and become opake and White like the other parts of the glaſs : 


whence it may be collected that the glaſſes did then ſcarcely, or 


not at all, touch one another; and that their interval at the pert- 
meter of that ſpot, when viewed perpendicularly, was about a 
fifth or ſixth part of their interval at the circumference of the 
{aid Red. 

O&/. 9. By looking through che two contiguous object glaſſes 
found that the interjacent air exhibited rings of colours, as well 
by tranſmitting light as by reflecting it. The central ſpot was 
now White, and from it the Order of the colours were yellowiſh 


Red; Black, Violet, Blue, White, Yellow, Red; Violet, Blue, 


Green, Yellow, Red, &c. But theſe colours were very faint and 
dilute, unleſs when the light was trajected very obliquely through 


the glaſſes : for by that means they became pretty vivid. Only 
the 
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the firſt yellowiſh Red, like the Blue in the fourth Obſervation, by. 


ted Li ght. 


was ſo little and faint as ſcarcely to be diſcerned. Comparing the 
coloured rings made by reflexion, with theſe made by Tranſmiſ- 
Gon of the light; I found that White was oppoſite to Black, Red 


to Blue, Vellow to Violet, and Green to a compound of Red and 


Violet. That is, thoſe parts of the glaſs were black when look- 
ed through, which when looked upon appeared White, and on 
the contrary. And ſo thoſe which in one caſe exhibited Blue, 
did in the other caſe exhibit Red. And the like of the other co- 


lours. The manner you have repreſented in the third figure, 


where AB, CD are the ſurfaces of the glaſſes contiguous at Ex, and 
the black. lines between them are their diftances in arithmetical 


progreſſion, and the colours written above are ſeen by Reflected 
light, and thoſe below by light Tranſmitted. 
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0% 10. Wetting the object- glaſſes a little at their edges, the Rings of Co- 


lours made by 


water crept in ſlowly between them ; and the circles thereby be- Plats of 


came leſs, and the colours more faint : inſomuch that as the wa- 
ter crept along, one half of them at which it firſt arrived, would 
appear broken off fram the other half, and contracted into a leſs 


room. By meaſuring them, I found the proportions of their 


chameters to the diameters of the like circles made by air to be 
about ſeven to eight; and conſequently the intervals of the glaſſes 
at like circles, cauſed by thoſe two mediums water and air, are 
as about three to four. Perhaps it may be a general rule, that 
it any other medium more or leſs denſe than water be compreſſed 
between the glaſles, their intervals, at the rings cauſed thereby, 
will be to their intervals cauſed by interjacent air, as the ſines are, 
which meaſure the refraction made out of that medium into air. 


Water, 


O0%/. 11. When the water was between the glaſſes, if I preſſed Indication of 


edium 


the upper glaſs variouſly at its edges, to make the rings move more ſubril 


nimbly from one place to another, a little white ſpot would im- 
mediately follow the center of them, which upon creeping in of 
the ambient water into that place would preſently vaniſh, Its 


appearance was ſuch as interjacent air would have cauſed, and it 


exhibited the ſame colours. But it was not air, for where any 
bubbles of air were in the water they would not vaniſh. The 
reflexion muſt have rather been cauſed by a ſubtiler medium, 
ISI 8 which 


than Air. 


4 G, LA 
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The Rings 
viewed 


became diſtincter and viſible to a far greater number than in the 


about its axis, that all the colours might ſuccefſively fall on that 


I Held it immoveable; I found the circles which the Red light 


0 Book H. 
which could recede through the- — at the * in of ' the 
water. 

O3/. 12. Thefe obſervations were made in the open air. Buy 
farther to examine the effects of coloured light falling on the 
glaſſes, I darkened the room, and viewed them by reflexion of 
the colours of a priſm caſt on a ſheet of white paper; my eye 
being fo placed that I could fee the coloured paper by reflexion in 
the glaſſes, as in a looking-glaſs. And by this means the rings 
open air. I have ſometimes ſeen more than twenty of them, 
whereas in the open air I could not diſcern above eight or nine. 

OZ/. 13. Appointing an aſſiſtant to move the priſm to and fro 


part of the paper, which I faw by reflexion, from that part of 
the glaſſes, where the circles appeared, ſo that all the colours 
might be ſucceſſively reflected from the circles to my eye, whilſt 


made to be manifeſtly bigger than thoſe which were made by the 
Blue and Violet. And it was very pleaſant to ſee them gradually 
ſwell or contract accordingly as the colour of the light was changed. 
The interval of the glafles at any of the rings, when they were 
made-by the outmoſt Red light, was to their interval at the ſame 
ring when made by the outmoſt Violet, greater than as 3 to 2, 
and leſs than as 13 to 8. By the moſt of my obſervations it was 
as 14 to 9. And this proportion ſeemed very nearly the ſame in 
all obliquities of my eye; unleſs when two priſms were made 
ule of inſtead of the object-glaſſes. For then, at a certain great 
obliquity of my eye, the rings made by the ſeveral colours feemed 
equal; and at a greater obliquity, thoſe made by the Violet 
would be grcater than the ſame rings made by the Red: the re- 
fraction of the priſm in this caſe cauſing the moſt refrangible 
rays to fall more obliquely on that plate of the air than the leaſt 
refrangible ones. Thus the experiment ſucceeded in the coloured 
light, which was ſufficientiv ſtrong and copious to make the rings 
ſenſible. And thence it may be gathered, that if the moſt re- 
frangible and leaſt refrangible rays had been copious enough to 
make the rings ſenſible without the mixture of other rays, the 

| proportion 
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proportion which here was 14 to 9 would have been a littl 
greater, ſuppofe 144 or 14 to 9. | 
O3/. 14. Whilſt the priſm was turned about its axis with an 
uniform motion, to make all the ſeveral colours fall ſucceflively 
upon the object-glaſſes, and thereby to make the rings contract 
and dilate: the contraction or dilatation of each ring, thus made 
by the variation of its colour, was ſwifteſt in the Red, and ſlow- 
eſt in the Violet, and in the intermediate colours it had interme- 
diate degrees of celerity. Comparing the quantity of contrac- 
tion and dilatation made by all the degrees of each colour, I found 
that it was greateſt in the Red; leſs in the Yellow ; till leſs in 
the Blue; and leaſt in the Violet, And to make as Juſt an eſti- 
mation as I could of the proportions of their contractions or di- 
latations, I obſerved that the whole contraction or dilatation of 
the diameter of any ring, made by all the degrees of Red, was to 
that of the diameter of the ſame ring, made by all the degrees of 
Violet, as about four to three, or five to four; and that when 
the light was of the middle colour between Yellow and Green, 
the diameter of the ring was very nearly an arithmetical mean 
between the greateſt diameter of the ſame ring made by the out- 
moſt Red, and the leaſt diameter thereof made by the outmoſt 
Violet; contrary to what happens in the colours of the oblong 
ſpectrum made by the refraction of a priſm, where the Red is 


moſt contracted, the Violet moſt expanded, and in the midſt of 


all the colours is the comfine of Green and Blue. And hence I 
ſeem to collect that the Thickneſſes of the air between the glaſſes 
there, where the ring is ſucceſſively made by the limits of the 
hive principal colours, Red, Yellow, Green, Blue, Violet, in order; 
that is, by the extreme Red, by the limit of Red and Yellow in 
the middle of the Orange, by the limit of Yellow and Green, by 


e by Priſmatic 
Light. 


the limit of Green and Blue, by the limit of Blue and Violet in 


the middle of the Indigo, and by the extreme Violet; det one 


another very nearly as the ſix lengths of a chord which ſound 


the notes in a ſixth major, /o, la, mi, fa, ſol, la. But it agrees 
ſomething better with the obſervation to ſay, that the Thickneſſes 
of the air between the glaſſes there, where the rings are ſucceſ- 
lively made by the limits of the ſeven colours, Red, Orange, 


8 2 Yellow, 
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The Rings Yellow, Green, Blue, Indigo, Violet in order, are to one another 


viewed by 
Priſmatic 
Light. 
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that the air between the glaſſes, according to its various Thick- 
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as the cube-roots of the ſquares of the eight lengths of a chord, 
which found the notes in an eighth, /, la, fa, ſol, la, mi, fa, ſal; 
that is, as the cube-roots of the ſquares of the numbers, 1, 


1 
47 r 


Ob/. 15. Theſe rings were not of various colours, like thoſe 
made in the open air, but appeared all over of that Priſmatick. 
colour only with which they were illuminated. And by pro- 
jecting the Priſmatick colours immediately upon the glaſſes, I 
found that the light which fell on the dark ſpaces, which were 
between the coloured rings, was tranſmitted through the glaſſes 
without any variation of colour. For on a white paper placed. 
behind, it would paint rings of the ſame colour with thoſe which 
were reflected, and of the bigneſs of their immediate (“) ſpaces.. 
And from thence the origin of theſe rings is manifeſt ; namely, 


55 15 


neſs, is diſpoſed in ſome places to reflect, and in others to tranſ- 
mit the light of any one colour, as you may ſee repreſented in 
the fourth figure; and in the ſame place to reflect that of one 
colour, where it tranſmits that of another. 

O0/ 16. The ſquares of the diameters of theſe rings, made by 
any priſmatick colour, were in arithmetical progreſſion, as in the 
fifth Obſervation. And che diameter of the ſixth circle, when. 
made by _ em Vellow, and viewed almoſt perpendicularly, 
was about 556 parts of an inch, or a little leſs, agreeable to the 
ſixth Obſervation. | 

The precedent Obſervations were made with a rarer thin me- 
dium, terminated by a denſer, ſuch as was air or water compreſ- 
ſed between two glaſſes. In thoſe that follow are ſet down the 
appearances of a denſer medium thinned within a rarer; ſuch as 
are plates of Muſcovy glaſs, bubbles of water, and. ſome other 
thin ſubſtances terminated on all ſides with air. 

0%. 17. If a bubble be blown with water firſt made tenacious 
by diſſolving a little ſoap in it, it is a common obſervation, that 
after a while it will appear tinged with a great variety of colours. 
To defend theſe bubbles from being agitated by the external air 


(*) Perhaps intermediate. 


5 (whereby 
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(whereby their colours are irregularly moved one among another, in bubbles of 
ſo that no accurate obſervation can be made of them) as ſoon as —_ 
I had blown any of them I covered it with a clear glaſs, and by 
that means its colours emerged in a very regular order, like ſo 
many concentrick rings encompaſſing the top of the bubble. 
And as the bubble grew thinner, by the continual ſubſiding of 
the water, theſe rings dilated ſlowly and overſpread the whole 
bubble, deſcending in order to the bottom of it, where they va- 
niſhed ſucceſſively. In the mean while, after all the colours 
were emerged at the top, there grew in the center of the rings a 
ſmall round Black ſpot, like that in the firſt Obſervation; which 
continually dilated itfelf till it became ſometimes more than + or 
z of an inch in breadth, before the bubble broke. At firſt I 
thought there had been no light reflected from the water in that 
place ; but obſerving it more curiouſly, I ſaw within it ſeveral 
ſmaller round ſpots, which appeared much blacker and darker 
than the reſt ; whereby I knew that there was ſome reflexion at 
the other places which were not ſo dark as thoſe ſpots. And by 
farther trial I found that I could ſee the images of ſome things 
(as of a candle or the ſun) very faintly reflected, not only from 
the great Black ſpot, but alſo from the little darker ſi om which 
were within 1n it.. 

Beſides the aforeſaid coloured rings there would often appear 
imall ſpots of colours, aſcending and deſcending up and down 
the ſides of the bubble, by reaſon of ſome inequalities in the ſub- 
ſiding of the water. And ſometimes ſmall Black ſpots, generated 
at the ſides, would aſcend up to the larger Black ſpot at the top of. 
the bubble, and/unite with it. 

O/. 18. Becauſe the colours of theſe bubbles were more ex- 
tended and lively than thoſe of the air thinned between two glaſſes, 
and ſo more eaſy to be diſtinguiſhed, I ſhall here give you a far- 
ther deſcription of their order, as they were 8 in viewing 
them by reflexion of the ſkies, when of a White colour, whilſt 
a black ſubſtance was placed behind the bubble. And they were 
theſe; Red, Blue; Red, Blue; Red, Blue; Red, Green; Red, 
Yellow, Green, Blue, Purple ; Red, Yellow, Green, Blue, Violet; 


Red, Yellow, White; — Black. 
The 
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Colours 


to be White. Among theſe there was ſcarce any other colour 
ſecond Blue, inclined a little to Green. 


the former three; after that ſucceeded little or no Yellow, but a 
copious Green, which at firſt inclined a little to Yellow, and then 
became a pretty briſk and good Willow Green, and afterward 
changed to a blueith ** but there ſucceeded neither Blue nor 
Violet. 


Wards became more bright and briſk, but yet not very pure. This 
Was ſucceeded with a very bright and intenſe Yellow, which was 
but little in quantity, and ſoon changed to Green: but that Green 
was copious, and ſomething more pure, deep and lively, than 
the former Green. After that followed an excellent Blue of a 


ſoon after of a brighter colour, being very pure and briſk, and 
the beſt of all the Reds. Then, after a lively Orange, followed 


then to a greeniſh Blue: but the Green between the Yellow and 
the Blue, was very little and dilate, ſeeming rather a greeniſh 


good, and of a very fair bright ſky-colour, but yet ſomething 


which ſoon changed to a brighter colour, inclining to an Orange; 


OP TI C3 | Book ll, 
The three firſt ſucceſſions of Red and Blue were very dilute 
and dirty, eſpecially the firſt, where the Red ſeemed in a manner 


ſenſible beſides Red and Blue, only the Blues, and principally the 


The fourth Red was alſo dilute and dirty, but not ſo much as 


The fifth Red at firſt inclined very much to Purple, EE after- 


bright 1ky-colour, and then a Purple, which was leſs in quantity 
than the Blue, and much inclined to Red. 
The ſixth Red was at firſt of a-very fair and: lively Scarlet, and 


an intenſe bright and copious Yellow; which was alſo the bet of 
all the Yellows, -and this changed firſt to a greeniſh Yellow, and 


White than a Green. The Blue which ſucceeded became very 


inferior to the former Blue; and the Violet was intenſe and deep 
with little or no Redneſs in it. And leſs in quantity than. the 
Blue. 

In the laſt Red 8 a tincture of Scarlet next to Violet, 


and the Yellow which followed was at firſt pretty good and lively, 
but afterwards it grew more dilute, until by degrees it ended in 
perfect Whiteneſs. And this Whiteneſs, if the water was very 


tenacious and well tempered, would flowly ſpread and dilate itſelf 
over 
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over the greater part of the bubble, continually growing paler in bubbles of 


at the top; where at length it would crack in many places; and 
thoſe cracks, as they dilated, would appear of a pretty good, but 
yet obſcure and dark -{ky-colour;. the White between the Blue 
ſpots diminiſhing, until 1t reſembled the threads of an irregular 
net-work, and ſoon after vaniſhed and left all the upper part of 
the bubble of the ſaid dark Blue colour. And this colour, after 


the aforeſaid manner, dilated itſelf downwards, until ſometimes 


it hath overſpread the whole bubble. In the mean while at the 


top, which was of a darker Blue than the bottom, and appeared- 
alſo full of many round blue ſpots, ſomething darker than the 
reſt, there would emerge one or more very Black ſpots; and: 
within thoſe, other ſpots of an intenſer Blackneſs, which I men- 
tioned in the former Obſervation ;. and theſe continually dilated: 


themſelves until the bubble bioke. 


If the water was not very tenacious; the Black ſpots would break 
forth in the White, without any ſenſible intervention of the Blue. 
And ſometimes they would break forth within the precedent Yel-- 
low, or Red, or perhaps within the Blue of the ſecond order, 


before the intermediate colours had time to difplay themſelves. 

By this deſcription you may perceive, how great an affinity theſe 
colours have with thoſe of air deſcribed in the fourth Obſerva- 
tion, although ſet down-in a contrary order; by reaſon that they 


begin to appear when the bubble is. thickeſt, and are moſt con- 


veniently reckoned- from the loweſt and thickeſt part of the but=-- 
ble upwards. 


Ob}. 19. Viewing, in ſeveral oblique poſitions of my eye, the 
= rings of colours emerging on the top of the bubble, I found 
= that they were ſenſibly dilated by increaſing the Obliquity, but 


yet not ſo much by far as thoſe made by thinned air in the ſeventh 
Obſervation. For there they were dilated ſo much as, when 
viewed moſt obliquely, to arrive at a part of the plate more than 


twelve times thicker, than that where they appeared when view- 


ed perpendicularly ; whereas in this caſe, the thickneſs of the 


Water, at which they arrived when viewed moſt obliquely, was 
to that thickneſs which exhibited them by perpendicular rays, 


ſomething leſs than as 8 to 5. By the beſt of my obſervations 
it 
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it was between 15 and 1 5. to 10; an increaſe about 24 times leſs 


all over, except at the top of it near the Black ſpot; as J knew, 
becauſe it would exhibit the ſame appearance of colours in all po- 


of differing colours, by viewing it at very differing obliquities. 


bubble, or at divers places of equal thickneſs, were varied by 


ble, at which any one colour is exhibited in thoſe ſeveral obliqui- 


t Book Il. 


than in the other caſe. 
Sometimes the bubble would become of an uniform thicknek 


ſitions of the eye. And then the colours, which were ſeen at 
its apparent circumference by the obliqueſt rays, would be diffe- 
rent from thoſe that were ſeen in other places, by rays leſs ob- 
lique to it. And divers ſpectators might ſee the ſame part of it 


Now obſerving how much the colours at the ſame places of the 
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— _ — ſame colour, at ſeveral obli- 
quities, to be very nearly in the proportion expreſſed in this 
Table. 

In the two firſt columns are expreſſed the obliquities of the 
rays to the ſuperficies of the water, that is, their angles of in- 
cidence and retraction. Where I ſuppoſe that the ſines, which 
meaſure them, are in round numbers as 3 to 4; though proba- 
bly the diſſolution of ſoap in the water, may a little alter its Re- 
fractive virtue. In the third column the Thickneſs of the bub- 


Incidence on Refraction into | Thickneſs cf the ſeveral obliquities of the 
the Water. | the Water. | the Water, | rays; by the aſſiſtance of the 3 
Degr. Min. Degr, Min. | 4th, I 4th, I 6th and 18th Ob- 5 | 
V 85 ſervations, as they are here- . 
15 „„ 11 104 i ; N 
30 oo | 22 104 after explained, I collect the Ml 
45 90. 32 2 112 | . : I 
)))) Thicknels of the water requi- j 
„„ 144 ſite to exhibit any one and the i 

' 90 oo 8 35 155 Z 


ties, is expreſſed in parts, of which ten conſtitute its Thickneis 
when the rays are perpendicular. And the rule found by the ſe- 
venth Obſervation agrees well with theſe meaſures, -if duly ap- 
plied; namely, that the Thickneſs of a plate of water requiſite 
to exhibit one and the ſame colour at ſeveral obliquities of the 
eye, is proportional to the ſecant of an angle, whoſe fine is the 
firſt of an hundred and fix arithmetical mean proportionals be- 
tween the fines of incidence and refraction counted from the leſſer 

ſine, 
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bubbles, been a little changed by viewing them at divers obliqui- 
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fine, that is, from the ſine of refraction, when the refractjon is in vwbutes of 
made out of air into water, otherwiſe from the ſine of incidence. ny 
I have ſometimes obſerved, that the colours which ariſe on po- Change of 
41 5 . | 132 Colour by 
liſhed ſteel by heating it, or on bell- metal, and ſome other me- 


Obliquation 
5 of che F 
talline ſubſtances, when melted and poured on the ground, where Jeg in he 


leſs in the 


they may cool in the open air, have, like the colours of water- gendes b 
ties: and particularly that a deep Blue, or Violet, when viewed 
very obliquely, hath been changed to a deep Red. But the changes 
of theſe colours are not ſo great and ſenſible, as of thoſe made by 
water. For the Scoria, or vitrified part of the metal, which 


moſt metals when heated or melted do continually protrude, and 


ſend out to their ſurface, and which, by covering the metals in 
form of a thin glaſſy ſkin, cauſes theſe colours, is much denſer 
than water; and I find that the change, made by the obliquation 
of the eyes, is leaſt in colours of the denſeſt thin ſubſtances. 
O2/. 20. As in the ninth Obſervation ſo here, the bubble, by Rings of Co- 
tranſmitted light, appeared of a contrary colour to that which bes of Water 


it exhibited by reflexion. Thus when the bubble, being looked 4 Ti. 


ted Light, 
on by the light of the clouds reflected from it, ſeemed Red at its 


apparent circumference ; if the clouds at the ſame time, or im- 
mediately after, were viewed through it, the colour at its circum- 
ference would be Blue. And, on the contrary, when by re- 
Hected light it appeared Blue, it would appear Red by tranſmit- 
ted light, | 


0% 21. By wetting very thin plates of Muſcovy glaſs, whoſe 5 
thinneſs make the like colours appear, the colours became more onthe 2 
faint and languid; eſpecially by wetting the plates on that fide tu on ha of 
oppoſite to the eye: but I could not perceive any variation of 2 
their ſpecies. So then the Thickneſs of a plate requiſite to pro- 
duce any colour, depends only on the denſity of the plate, and 
not on that of the ambient medium. And hence, by the roth 
and 16th Obſervations, may be known the Thickneſs which bub- 


bles of water, or plates of Muſcovy glaſs, or other ſubſtances, 


have at any colour produced by them. 
0% 22. A thin tranſparent body, which is denſer than its am- 
bient medium, exhibits more briſk and vivid colours than that 
Vol. IV. = TT” which 
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Rings viewed 


138 
Which is fo much rarer; as I have particul arly obſerved in the 


Alſo the Whiteneſs of the firſt ring was fironger than that re- 


Ing at a diſtance the rings made by the two object-glaſſes; or by 
comparing two bubbles of water blown at diſtant times, in the 


mated them to be more than an hundred. And I believe the Ex- 
periment may be improved to the diſcovery of far greater num- 


which the refraction was made, which by that refraction was ren- 
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air and glaſs. For blowing glaſs very thin at a lamp- furnace, 
thoſe plates encompaſſed with air did exhibit colours much more 
vivid than thoſe of air made thin between two glaſſes. 

0%. 23. Comparing the Quantity of light reflected from the 
ſeveral rings, I found that it was moſt copious from the firſt or 
inmoſt, and in the exterior rings became gradually leſs and lefs, 


flected from thoſe parts of the thin medium or plate, which 
were without the rings; as I could manifeſtly perceive, by view- 


firſt of which the Whiteneſs appeared, which ſucceeded all the 
colours, and 1 in the other, the Whiteneſs which preceded them 
all. 

OB. 24. When the two object-glaſſes were laid upon one an- 
other, ſo as to make the rings of the colours appear, though with 
my naked eye I could not diſcern above eight or nine of thoſe 
rings, yet by viewing them through a pril I have ſeen a far 
greater multitude; inſomuch that I could number more than for- 
ty, beſides many others, that were ſo very ſmall and cloſe toge- 
ther, that I could not keep my eye ſteady on them ſeverally ſo 
as to number them, but by their extent 1 have ſometimes eſti- 


bers. For they ſeem to be really unlimited, though viſible only 
fo far as they can be ſeparated by the refraction of the priſm, 
as I ſhall hereafter explain. 

But it was but one ſide of theſe rings, namely, that towards 


dered diſtinct; and the other fide became more confuſed than 
when viewed by the naked eye: inſomuch that there I could not 
diſcern above one or two, and ſometimes none of thoſe rings, of 
which I could diſcern eight or nine with my naked eye. And 
their ſegments or arcs, which on the other ſide appeared ſo nume- 
rous, for the moſt part exceeded not the third part of a circle. If 


the refraction was very great, or the priſm very diſtant from by 
— — 


pakr J. 9 P 'T I Cc 8. 


ther ſide, their ends, as alſo the whole arcs fartheſt from the cen- 


ſee them deſigned in the fifth figure. 

The arcs, where they ſeemed diſtincteſt, were only White and 
Black ſucceſſively, without any other colours intermixed. But 
in other places there appeared colours, whoſe order was fhverted 
by the refraction in ſuch manner, that if I firſt held the priſm 
very near the object-glafſes, and then gradually removed it far- 
ther off towards my eye, the colours of the 2d, 3d, 4th, and 
following rings ſhrunk towards the White that emerged between 
them, until they wholly vaniſhed into it at the middle of the 
arcs, and afterwards emerged again in a contrary order. But at 
the ends of the arcs they retained their order unchanged. 
have ſometimes ſo laid one objeCt-glaſs upon the other, that 
to the naked eye they have all over ſeemed uniformly White, 
without the leaſt appearance of any of the coloured rings; and 
yet by viewing them through a priſm, great multitudes of thoſe 
rings have diſcovered themſelves. And in like manner plates of 
Muſcovy glaſs, and bubbles of glaſs blown at a lamp- furnace, 
which were not ſo thin as to exhibit any colours to the naked eye, 
have through the priſm exhibited a great variety of them ranged 
irregularly up and down in the form of waves. And ſo bubbles 
of water, before they began to exhibit their colours to the naked 


— 
"5 


with many parallel and horizontal rings; to produce which ef- 


parallel to the horizon, and to diſpoſe it ſo, that the * might 
be refracted upwards. 


object · glaſſes, the middle part of thoſe arcs became alſo confuſed, 8 
ſo as to diſappear and conſtitute an even Whiteneſs : whilſt on ei- 


ter, became diſtincter than hefore, appearing in the form as vou 


eye of a by-ſtander, have appeared through a priſm, girded about 


fect, it was neceſſary to hold the priſm parallel, or very nearly 
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Remarks upon the foregoing Obſervations. 


 Generationof AVING given my obſervations of theſe colours, before! 
the Rings 


make uſe of them to unfold the caufes of the colours of 
Natural Bodies, it is convenient that by the ſimpleſt of them, 
ſuch as are the 2d, 3d, 4th, 9th, 12th, 18th, 2oth, and 24th, 1 
| firſt explain the more compounded. And firſt to ſhew how the 
colours in the fourth and eighteenth Obſervations are produced, 
let there be taken in any right line from the point v [in g. 6.] 
the lengths YA, YB, YC, vp, YE, YF, YG, YH, in proportion to one 
another, as the cube-roots of the ſquares of the numbers, 2, 5 
3, 3, & 5» 52 I, whereby the lengths of a Muſical chord to ſound 
all the notes in an eighth are repreſented ; that is, in the propor- 
tion of the numbers 6300, 6814, 7114, 7631, 8255, 8855 
9343, 10000. And at the points A, B, c, b, E, r, G, U, let per- 
pendiculars Aa, B, &c. be erected, by whoſe intervals the ex- 
tent of the ſeveral colours ſet underneath againſt them, is to be 


repr -eſented. 
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repreſented. Then divide the line a in ſuch proportion as the: of reſſected 


numbers 1, 2, 3, 5, 6, 7, 9, 10, II, &c. ſet at the points of di- 
viſion denote. And through thoſe diviſions from Y draw lines 
II, 2K, 3L, SM, ON, 70, . 

Now if a2 be ſuppoſed to repreſent the thickneſs of any thin 
tranſparent body, at which the outmoſt Violet is moſt copiouſly 
reflected in the firſt ring, or ſeries of colours; then, by the 1 3th 

Obſervation (), HK will repreſent its thicknefs, at which the out- 
moſt Red is moſt copiouſly reflected in the ſame ſeries. Alſo by 


the 5th and 16th Obſervations, a6 and HN will denote the thick- 


neſſes at which thoſe extreme colours are moſt copiouſly reflected 
in the ſecond ſeries; and A10 and na the thickneſſes, at which 
they are moſt copiouſly reflected in the third ſeries, and ſo on. 
And the thickneſs at which any of the intermediate colours are 
reflected moſt copiouſly, will, according to the 14th Obſervation, 
be defined by the diſtance of the line an from the intermediate 


parts of the lines 2K, 6N, ToqQ, &c. againſt which the names of 


thoſe colours are written below. 

But farther, to define the latitude of theſe colours in each ring 
or ſeries, let A deſign the leaſt thickneſs, and A3 the greateſt 
thickneſs, at which the extreme Violet in the Firſt ſeries is re— 
flected; and let nr, and HL, deſign the like limits for the extreme 
Red; and let the intermediate colours be limited by the interme- 


diate parts of the lines 11, and 37, againſt which the names of 
thoſe colours are written, and ſo on: but yet with this caution, 


that the reflexions be ſuppoſed ſtrongeſt atthe intermediate ſpaces, 
2K, ON, Io, &c. and from thence to decreaſe gradually towards 
theſe limits, II, 3L, su, 70, &c. on either fide ; where vou muſt 
not conceive them to be preciſely limited, but to decay indeftnite- 
ly. And whereas I have aſſigned the fame latitude to every ſe- 
ries; I did it, becauſe although the colours in the firit ſeries ſeem 
to be a little broader than the reit, by reaſon of a ftronger re- 
flexion there, yet that inequality is fo inſenſible as ſcarcely to be 
determined by obſervation. 


Now according to this deſcription, conceiving that the ravs, 


originally of ſeveral colours, are by turns reflected at the ſnaces 
(*) — by the 13th Obſervatien.) Rather by tte 14th | 
IIL3, 


Colours, 
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ee Rings 


bpy which the thickneſs of the body is repreſented, the alternate 


the ſecond ſeries, which ſucceed in order during the tranſit of 


fect Green. So the colours of the third ſeries all ſucceed in or- 
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1IL 3, 5MO7, 9PRII, &c. and tranſmitted at the ſpaces Aylr, 
3LM5, 702g, &c. it is eaſy to know what colour muſt, in the open 
air, be exhibited at any Thickneſs of a tranſparent thin body. 
For if a ruler be applied parallel to Au, at that diſtance from it, 


ſpaces, IL 3, 5MO7, &c. which it croſſeth, will denote the reflected 
original colours, of which rhe colour, exhibited in the open air, 
is compounded. Thus if the conſtitution . of the Green in the 
Third ſeries of colours be deſired, apply the ruler as you lee at 
ne; and by its paſſing through ſome of the Blue at x, and Yel- 
low at o, as well as through the Green at e, you may conclude 
that the Green exhibited at that thickneſs of the body is princi- 
pally conſtituted of original Green, but not without a mixture of 
{1ome Blue and Yellow. | 

By this means you may know how the colours, from the cen- 
ter of the rings outward, ought to ſucceed in order as they were 
deſcribed in the 4th and 18th Obſervations. For if you move 
the ruler gradually from An through all diſtances, having patled 
over the firſt ſpace, which denotes little or no reflexion to be made 
by thinneſt ſubſtances, it will firſt arrive at I the Violet; and then 
very quickly at the Blue and Green, which together with that 
Violet compound Blue; and then at the Yellow and Red, by whoſe 
farther addition that Blue is converted into Whiteneſs, which 
whiteneſs continues during the tranfit of the edge of the ruler 
from I to 3; and after that, by the ſucceſſive deficience of its com- 
ponent colours, turns firſt to compound Yellow, and then to Red, 
and laſt of all the Red ceaſeth at I. Then begin the colours of 


the edge of the ruler from 5 to O, and are more lively than be- 
fore, becauſe more expanded and ſevered. And for the ſame 
reaſon, inſtead of the former White, there intercedes between the 
Blue and Yellow a mixture of Orange, Yellow, Green, Blue and 
Indigo, all which together ought to exhibit a dilute and imper- 


der; firſt, the Violet, which a little interferes with the Red of 
the ſecond order, and is thereby inclined to a reddiſh Purple; 


then the Blue and Gr een, Which are leſs mixed with other co- 
lours, 
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lours, and conſequently more lively than before, eſpecially the of reſſected 
Green: then follows the Yellow, ſome of which towards the ue. 
Green is diſtin& and good, but that part of it towards the ſuc- 
ceeding Red, as alſo that Red is mixed with the Violet and Blue 

of the fourth ſeries ; whereby various degrees of Red very much 
inclining to Purple are compounded. 'The Violet and Blue, which 
ſhould ſucceed this Red, being mixed with, and hidden in it, 

there ſucceeds a Green. And this at firſt is much inclined to 
Blue, but ſoon becomes a good Green, the only unmixed and 
lively colour in this Fourth ſeries. For as it verges towards the 
Yeliow, it begins to interfere with the colours of the Fifth ſe- 
ries; by whoſe mixture the ſucceeding Yellow and Red are very 
much diluted and made dirty, eſpecially the Yellow, which, be- 

ing the weaker colour, is ſcarce able to ſhew itſelf. After this the 
ſeveral ſeries interfere more and more, and their colours become: 
more and more intermixed, till after three or four more revolu- 

tions (in which the Red and Blue predominate by turns) all ſorts 

of colours are in all places pretty oqualy blended, and compound 

an even Whiteneſs. 

And ſince by the 1 5th Obſervation the rays endued with one Of Tranſmit- 
colour are tranſmitted, where thoſe of another colour are re- e 
flected, the reaſon of the colours made by the tranſmitted light 

in the th and 20th Obſervations is from hence evident. 

If not only the order and ſpecies of theſe colours, but alſo the TIO of 
preciſe Thickneſs of the plate, or thin body at which they are Pia. 
exhibited, be deſired in parts of an inch, that may be alſo ob- 
tained by aſſiſtance of the 6th or 16th Obſervations. For ac- 
cording to thoſe Obſervations the thickneſs of the thinned air, | . 
which between two glaſſes exhibited the moſt luminous parts of 
the firſt ſix rings, were 3 78885 7776885 1 5885 T7588 sss Tes 
parts of an inch. Suppoſe the light reflected moſt copiouily at 
theſe thickneſſes be the bright citrine Yellow, or confine of Yel- 
low and Orange; and theſe thickneſſes will be Fa, Fu, FE, Fc, F). 

And this being known, it is eaſy to determine what Thickneſs of 


air is repreſented by op, or by any other diſtance of the ruler 
from an. 


3 


But 
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Thickneſs of 


coloured 
Plates. 


refrangible ray is meaſured by the proportion of the ſines 3 1 to 
20, may be 37 of the thickneſs of air producing the ſame colours; 
and the like of other mediums. 1 do not affirm, that this pro- 


Was to the thickneſs of water, which between the ſame plaſles 
exhibited the ſame colour, as 4 to 3; and by the 21ſt Obſerva- 


But farther, ſince by the 10th Obſervation the thickneſs of air 


tion the colours of thin bodies are not varied by varying the am- 
bient medium : the Thickneſs of a bubble of water, exhibiting 
any colour, will be + of the thickneſs of air producing the ſame 
colour, And ſo according to the ſame roth and 21ſt Obſervations 
the Thickneſs of a plate of glaſs, whoſe refraction of the mean 


portion of 20 to 31 holds in all the rays; for the ſines of other 
ſorts of rays have other proportions, But the differences of thoſe 
proportions are ſo little, that 1 do not here conſider them. On 
theſe grounds I have compoſed the following Table, wherein the 
Thickneſs of air, water, and glaſs, at which each colour is moſt 
intenſe and ſpecific, is expreſſed in parts of an inch divided inta 
ten hundred thouſand equal parts. 


- s 72 


D PP 77 17 VU © 


The thickneſs of coloured Plates and Particles of 


3 — 
Air. Water. Glaſs. 
Very Black F 
Black 11 | 31 8 
I Beginning of Black | 2 | 114 23 
Their Colours of the firſt Order, Bus 5 25 | Is 148 
de ?: 3732 
Yellow 5 ja |4 
Orange | 8 6 58 
(Red 1 
Violet 118 | 8 | 75 | 
Indigo V 
Blue | 4 1109 
5 | | I þ 114 
Of the ſecond Order, L * # 16 | _ — 
Orange 178 [13 [13 
Bright Red 185 (0 | 134 | 114 
| Scarlet 194 | 144 [124 
Purple 21 [154 1348 
Indigo | 2278 167 | 14% 
| | Blue 237 1725815 
Of the third Order, I Green en 
| Yellow 277 20171 
Red | 29 213 | 18+ 
L Blueiſh Red . | 203 
" Blueiſh Green 24 255 | 22 
; | Green 357 264 | 224 
Of the fourth Order, YVellowiſh Green 36 27 23 + 
x | Red [49 | 30x 26 
Greeniſh Blue 46 1342 | 29% 
Of the fifth Order, Red 524 394 34 
| Greeniſh Blue 584 44 38 
Of the ſixth Order, Red 65 483 | 42 
| Greenith Blue I ; 
Of the ſeventh Order, Rud dy White 5 = 2. 


Now if this Table be compared with the 6th Scheme, you will 
there ſee the conſtitution of each colour, as to its ingredients, or 
the original colours of which it is compounded; and thence be 
enabled to judge of its intenſeneſs or impertection ; which may 
ſuffice in explication of the 4th and 18th Obſervations, unleſs it 
be farther deſired to delineate the manner how the colours ap- 


(o) Bright red 18%.) So the third edition. All the reſt 183. 
Vol. IV. U pear, 
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Tranſmuta- } Io explain, in the next place, the circumſtances of the 2d 
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pear, when the two object-glafles are laid upon one another. To 
do which, let there be deſcribed a large arc of a circle, and a 
ſtreight line which may touch that arc, and parallel to that tan- 
gent ſeveral occult lines, at ſuch diſtances from it, as the num- 
bers ſet againſt the ſeveral colours in the Table denote. For the 
arc, and its tangent, will repreſent the ſuperficies of the glaſſes 
terminating the interjacent air; and the places where the occult 
lines cut the arc will ſhow at what diſtances from the center, or 
point of contact, each colour is reflected. 
There are alſo other uſes of this Table: for by its aſſiſtance 
the thickneſs of the bubble, in the 19th Obſervation, was deter- 
mined by the colours which it exhibited. And fo the bigneſs of 
the parts of Natural Podies may be conjectured by their colours, 
as ſhall be hereafter ſhewn. Alſo if two or more very thin plates 
be laid upon one another, ſo as to compoſe one plate equalling 
them all in thickneſs, the reſulting colour may be hereby deter- 
mined. For inſtance, Mr. Hooꝶ obſerved, as is mentioned in his 
Micrographia, that a faint yellow plate of Muſcovy glaſs, laid up- 
on a blue one, conſtituted a very deep Purple. The Yelow of 
the Firſt order is a faint one, and the thickneſs of the plate ex- 
hibiting it, according to the Table, is 45; to which add , the 
thickneſs exhibiting Blue of the Second order, and the ſum will 
be 133, which is the thickneſs exhibiting the Purple of the Third 
order. | 


and 3d Obſervations ; that is, how the rings of the colours may, 
by turning the priſms about their common axis the contrary way 
to that expreſſed in thoſe Obſervations, be converted into White 
and Black rings, and afterwards into rings of colours again, the 

colours of each ring lying now in an inverted order; it mult be 
remembered, that thoſe rings of colours are dilated by the obli- 

quation of the rays to the air which intercedes the glaſſes; and 

that according to the Table in' the 7th Obſervation, their dilata- 

tion, or increaſe of their diameter, is moſt manifeſt and ſpeedy 

when they are obliqueſt. Now the rays of Yellow being more 

retracted by the firſt ſuperficies of the ſaid air than thoſe of Red, 

are thereby made more oblique to the ſecond ſuperficies, at which 

they 


3 r 


| they are reflected to produce the coloured rings; and conſequent- by motion of 
ly the Yellow circle in each ring will be more dilated than the 


Red ; and the exceſs of its dilatation will be ſo much the greater, 
by how much the greater 1s the obliquity of the rays, until at 
laſt it become of equal extent with the Red of the ſame ring. 


And for the ſame reaſon the Green, Blue and Violet, will be alſo 


ſo much dilated by the ſtill greater obliquity of their rays, as to 
become all very nearly of equal extent with the Red, that is, 


equally diſtant from the center of the rings. And then all the 


colours of the ſame ring muſt be coincident, and by their mix- 
ture exhibit a White ring. And theſe White rings muſt have 
Black and Dark rings between them, becauſe they do not ſpread 
and interfere with one another as before. And for that reaſon alſo 
they muſt become diſtincter and viſible to far greater numbers. 


But yet the Violet, being obliqueſt, will be ſomething more dilated 


in proportion to its extent than the other colours, and ſo very apt 
to appear at the exterior verges of the White. 


Afterwards, by a greater obliquity of the rays, the Violet and 


Blue become more ſenſibly dilated than the Red and Yellow; and 


ſo being farther removed from the center of the rings, the co- 
lours muſt emerge out of the White in an order contrary to that 


which they had before; the Violet and Blue at the exterior limbs 


of each ring, and the Red and Yellow at the interior. And the 
Violet, by reaſon of the greateſt obliquity of its rays, being in 
proportion molt of all expanded, will ſooneſt appear at the exte- 
rior limb of each White ring, and become more conſpicuous than 


the reſt, And the ſeveral ſeries of colours belonging to the ſeve- 


ral rings, will, by their unfolding and ſpreading, begin again to 


interfere, and 'thereby render the rings leſs diſtinct, and not vi- 


ſible to ſo great yumbers. 


If inſtead of the priſms the object- glaſſes be made uſe of, the 
rings, which they exhibit, become not white and diſtinct by the 
Obliquity of the eye; by reaſon that the rays in their paſſage 
through that air, which intercedes the glaſſes, are very nearly pa- 
rallel to thoſe lines in which they were firſt incident on the glaſſes; 
and conſequently the rays endued with ſeveral colours are not in- 
U 2 clined 
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lined one more than another to that air, as it happens in the 
priſms. 
dete erafo- There is yet another circumſtance of theſe experiments to be 
ſion of the 


Black ang conſidered, and that is why the Black and White rings, which 

woe 1% when viewed at a diſtance appear diſtinct, ſhould not only be- 

wo J dome confuſed by viewing them near at hand, but alſo yield a 

approaching Violet colour at both the edges of every White ring. And the 
the Eye, | | ; 

reaſon is, that the rays, which enter the eye at ſeveral parts of 

the pupil, have ſeveral obliquities to the glaſſes; and thoſe which 

are moſt oblique, if conſidered apart, would repreſent the rings 

bigger than thoſe which are the leaſt oblique. Whence the 

breadth of the perimeter of every White ring is expanded out- 

wards by the obliqueft rays, and inwards by the leaſt oblique. 

And this expanſion is ſo much the greater by how much the 

greater is the difference of the obliquity : that is, by how much 

the pupil is wider, or the eye nearer to the glaſſes. And the 

breadth of the Violet muft be moſt expanded, becauſe the rays 

apt to excite a ſenſation of that colour are moſt oblique to a ſe- 

cond or farther ſuperficies of the thinned air, at which they are 

reflected, and have alſo the greateſt variation of obliquity; which 

makes that colour ſooneſt emerge out of the edges of the White, 

And as the breadth of every ring 1s thus augmented, the dark 

mtervals muft be diminiſhed, until the neighbouring rings be- 

come contiguous, and are blended ; the exterior firſt, and then 

thoſe nearer the center; ſo that they can no longer be diſtinguiſh» 

ed apart, but ſeem to conſtitute an even and uniform Whiteneſs. 

Theefets of Among all the obſervations there is none accompanied with ſo 

2 h Ob odd circumſtances as the twenty-fourth. Of thoſe the principal 

explained. are, that in thin plates, which to the naked eye ſeem of an even 

and uniform tranſparent Whiteneſs, without any terminations of 

ſhadows, the refraction of a priſm ſhould make rings of colours 

appear, whereas it uſually makes objects appear Pla FOR only 

there, where they are terminated with ſhadows, or have parts 

unequally luminous; and that it ſhould make thoſe rings exceed- 

ingly diſtinct and White, although it uſually renders objects con- 

fuſed and coloured. The cauſe of theſe things you will under- 

ſtand by conſidering, that all the rings of colours are really in 

| the 
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the plate, when viewed with the naked eye; although, by rea- 
ſon of the great breadth of their circumferences, they ſo much 
interfere and are blended together, that they ſeem to conſtitute an 
uniform Whitenefs. But when the rays paſs through the priſm 
to the eye, the orbits of the ſeveral colours in every ring are re- 
fracted, ſome more than others, according to their degrees of 
refrangibility : by which means the colours on one fide of the 
ring, that is in the circumference on one fide of its center, be- 
come more unfolded and dilated, and thoſe on the other ſide more- 
complicated and contracted. And where by a due refraction they 
are ſo much contracted, that the ſeveral rings become narrower 
than to interfere with one another, they muſt appear diſtinct, and 
alſo white, if the conſtituent colours be ſo much contracted as to: 


be wholly coincident. But, on the other ſide, where the orbit 
of every ring is made broader by the farther unfolding of its co- 


jours, it muſt interfere more with other rings than before, and 
ſo become leſs diftin&. 
To explain this a little farther, ſuppoſe the concentric circles 


AV and BX [in 5g. 7.] repreſent the Red and Violet of any order, 


which, together with the intermediate coJours, conſtitute any cne 


of theſe rings. Now theſe being viewed through a priſm, the 
Violet circle Bx will, by a greater retraction, be farther tranilatecl 


from its place than the Red av, and ſo approach nearer to it on 
that ſide of the circles, towards which the refractions are made. 
For inſtance, if the Red be tranſlated to av, the Violet may be 
tranſlated to 5x, ſo as to approach nearer to it at x than before; 
and if the Red be farther tranſlated to av, the Violet may be ſo 
much farther tranſlated, to bx, as to convene with it at x; and if 
the Red be yet farther tranſlated to a, the Violet may be ſtill ſo 
much farther tranflated, to Gg, as to paſs beyond it at &, and con- 


vene with it at e and f. And this being underſtood not only of 


the Red and Violet, but of all the other intermediate colours,, 
and alſo of every revolution of thoſe colours, you will eaſily per- 
ceive how thoſe of the ſame revolution or order, by their near- 
neſs at xv and YF, and their coincidence at xv, e and /, ought to 
conſtitute pretty diſtinct arcs of circles, eſpecially at xv, or at e 
and f : and that they will appear ſeverally at xv, and at xv ex- 

| hibit 


150 R Bock 11, 

Etcts of we hibit Whiteneſs by their coincidence; and again appear leverally 
Piiim in Obſ. 

24-cxlained, at Tz, but yet in a contrary order to that which they had before, 

and till retain beyond e and f. But, on the other fide, at ab, 

ab, or ah, theſe colours muſt become much more confuſed, by 

being dilated and ſpread, ſo as to interfere with thoſe of other 

orders. And the ſame confuſion will happen at TE, between + 

and f, if the refraction be very great, or the priſm very diſtant 

from the object-glaſſes: in which caſe no parts of the rings will 

be ſeen, ſave only two little arcs at e and 7, whoſe diſtance from 

one another will be augmented by removing the priſm ſtill farther 

from the object-glaſſes : and theſe little arcs muſt be diſtincteſt 

and whiteſt at their middle; and at their ends, where they begin 

to grow confuſed they muſt be coloured. And the colours at one 

end of every arc muſt be in a contrary order to thoſe at the other 

end, by reaſon that they croſs in the intermediate White; name- 

ly, their ends, which verge towards TE, will be Red and Yellow 

on that fide next the center, and Blue and Violet on the other 

fide. But their other ends, which verge from Te, will on the 

contrary be Blue and Violet on that ſide towards the center, and 

on the other fide Red and Yellow. 

Now as all theſe things follow from the properties of light by 

a mathematical way of reaſoning, ſo the truth of them may be 

manifeſted by Experiments. For in a dark room, by viewing 

theſe rings through a priſm, by reflexion of the ſeveral Priſma- 

tick Colours, which an aſſiſtant cauſes to move to and fro upon 

a wall or paper, from whence they are reflected, whilſt the ſpec- 

tator's eye, the priſm and the object-glaſſes (as in the x 3th Ob- 

{ervation) are placed ſteady : the poſition of the circles, made 

ſucceſſively by the ſeveral colours, will be found ſuch, in reſpect 

of one another, as I have deſcribed in the figures abxv, or abxv, 

or «f:Y. And by the ſame method the truth of the explications 

of other Obſervations may be examined. 

Cle or oy what hath been ſaid, the like phenomena of water, and 

in el thin plates of glaſs may be underſtood. But in ſmall fragments 

#1190 of thoſe plates, there is this farther obſervable; that where the; 

lie flat upon a table, and are turned about their centers whilit 


they are viewed through a priſm, they will in ſome poſtures 
exhibit 


exhibit waves of various colours, and ſome of them exhibit theſe of C 
waves in one or two poſitions only, but the moſt of them do 1 


through a 


all poſitions exhibit them, and make them for the moſt part ap- 


pear almoſt all over the plates. The reaſon is, that the ſuper- 
cies of ſuch plates are not even, but have many cavities and 
ſwellings, which how thallow ſoever do a little vary the thick- 
neſs of the plate. For at the ſeveral ſides of thoſe cavities, for 
the reaſons newly deſcribed, there ought to be produced waves 
in ſeveral poſtures of the priſm. Now though it be but ſome 


very ſmall and narrower parts of the glaſs, by which theſe waves 


for the molt part are cauſed, yet they may ſeem to extend them- 
| ſelves over the whole glaſs : becauſe from the narroweſt of thoſe 
parts, there are colours of ſeveral orders, that is of ſeveral rings, 
confuſedly reflected ; which, by refraction of the priſm, are un- 


folded, ſeparated, and according to their degrees of refraction, 


diſperſed to ſeveral places, fo as to conſtitute ſo many ſeveral 
waves, as there were divers orders of colours promiſcuouſly re- 
flected from that part of the glaſs. 

Theſe are the principal phænomena of thin plates or bubbles, 
whoſe explications depend on the properties of light, which [I 
have heretofore delivered. And theſe you ſee do neceſſarily fol- 
low from them, and agree with them, even to their very leaſt 


circumſtances; and not only fo, but do very much tend to their 


proof. Thus by the 24th Obſervation it appears, that the rays 
of ſeveral colours, made as well by thin plates or bubbles, as by 
refractions of a priſm, have ſeveral degrees of refrangibility; 
whereby thoſe of each order, which at the reflexion from the 
plate or bubble are intermixed with thoſe of other orders, are ſe- 
parated from them by refraction, and affociated together ſo as to 


become viſible by themſelves like arcs of circles. For if the rays 


were all alike refrangible, it is impoſſible that the Whiteneſs, 
which to the naked ſenſe appears uniform, ſhould, by refraction, 


have its parts tranſpoſed and ranged into thoſe Black and White 
arcs. 


It appears alſo that the unequal refractions of difform rays . 


proceed not from any contingent irregularities ; ſuch as are veins, ern: 


rate and im- 


an uneven -poliſh, or fortuitous poſition of the pores of glaſs; mutable. 


unequal 
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The Colcrific nheqrral: and caſual motions in the air or æther; the ſpreading, 


Diſpoſition of 
1 'b 


the like. For, admitting any ſuch arregularities, it would be 
impoſſible for refractions to render thoſe rings ſo very diſtinct, 
and well defined, as they do in the 24th Obſervation. It is ne- 


ceſſary therefore that every ray have its proper and conſtant de- 


gree of refrangibility connate with it, according to which its re- 
fraction is ever juſtly and regularly e e and that ſeveral 
rays have ſeveral of thoſe degrees. 

And what is ſaid of their refrangibility may be alſo under- 
ſtood of their reflexibility, that is of their diſpoſitions to be re- 
flected ſome at a greater, and others at a lefs thickneſs, of thin 
plates or bubbles; namely, that thoſe diſpoſitions are alſo con- 
nate with the rays, and immutable ; as may appear by the 13th, 
14th and 15th Obſervations compared with the 4th and 1 8th. 

By the precedent Obſervations it appears alſo, that Whiteneſs 
is a diſſimilar mixture of all colours, and that light is a mixture 
of rays endued with all thoſe colours. For conſidering the mul- 
titude of the rings of colours, in the 3d, 12th and 24th Obſer- 
vations, it is manifeſt, that although in the 4th and 18th Obſer- 


vations there appear no more than 'eight or nine of thoſe rings, 


yet there are really a far greater number, which ſo much inter- 
fere and mingle with one another, as after thoſe eight or nine re- 
volutions to dilute one another wholly, and conſtitute an even 
and ſenſibly uniform Whiteneſs. And conſequently that White- 
neſs muſt be allowed a mixture of all colours, and the light, 
which conveys it to the eye, muſt be a mixture of rays endued 
with all thoſe colours. 
But farther, by the 24th Obſervation, it appears that there is 
a conſtant relation between colours and refrangibility; the moſt 
refrangible rays being Violet, the leaſt refrangible Red, and thoſe 
of intermediate colours having proportionably intermediate de- 
grees of refrangibility. And by the 1 3th, 14th and 1 5th Obſer- 
vations, compared with the 4th or 18th, there appears to be the 


ſame conſtant relation between colour and reflexibility, the Violet 


being in like circumſtances reflected at leaſt thickneſſes of any 
thin plate or bubble, the Red at greateſt thickneſſes, and the in- 
2 | termediate 


reaking, or dividing the ſame ray into many diverging parts, or 
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i colours at intermediate thickneſſes. Whence it fol- the R 
lows, that the colorifick diſpoſitions of rays are alſo connate with 1 
them and immutable; and by conſequence that all the produc- be WT 
tions and appearances of colours in the world are derived not from 

any Phyſical change cauſed in light by refraction or reflexion but 

only from the various mixtures or ſeparations of rays, by views 

of their different refrangibility or reflexibility. Aid in this re- 

ſpect the ſcience of colours becomes a ſpeculation as truly mathe- 

matical, as any other part of 'Opticks. I mean ſo far as they de- 

pend on the nature of light, and are not produced or altered by 


the power of imagination, or by ſtriking or n the eye. 
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PART II. 


Of the Permanent Colours of Natural Bodies, and the analogy be- 
leveen them and the colours of thin. tranſparent plates. 


1 AM now come to another part of this deſign; which is to con- 
ſider how the phænomena of thin tranſparent plates ſtand re- 
lated to thoſe of all other Natural Bodies. Of theſe bodies I have 
already told you, that they appear of divers colours, according- 
ly as they are diſpoſed to reflect moſt copiouſly the rays originally 
endued with thoſe colours. But their conſtitutions, whereby 
they reflect ſome rays more copiouſly than others, remain to be 
diſcovered, and theſe I ſhall endeavour to manifeſt in the follow- 
ing Propoſitions. = | 


| . 

Thoſe ſuperficies of tranſparent bodies Ræftect the greateſt quantity of 
tight, which have the greateſt Refradting Power ; that is, which 
intercede mediums that differ maß in their Refractive Den/itles. 
And in the confines of equally refracliug mediums there 1s u fe- 
Nexion. 

Analogy be- The analogy between reflexion and refraction will appear by 
— conſidering, that when light paſſeth obliquely out of one medi- 


um 


par III. rn 


is the difference of their Refractive Denſity, the leſs obliquity of ; 


incidence is requiſite to cauſe a total reflexion. For as the fſities 
are which meaſure the. refraction, ſo is the fine of incidence at 
which the total reflexion begins, to the radius of the circle; and 
conſequently that angle of incidence is leaſt, where there is the 
greateſt difference of the fines. Thus in the paſſing of light out 
of water into air, where. the refraction 1s meaſured by the ratio 
of the ſines 3 to 4, the total reflexion begins when the angle of 
incidence is about 48 degrees 35 minutes. In paſling out of glaſs 
into air, where the refraction is meaſured by the ratio of the ſines 
20 to Zl, the total reflexion begins when the angle of incidence 
is 40 degrees Io minutes; and ſo in paſſing out of cryſtal, or 
more ſtrongly refracting mediums into air, there is ſtill a leſs 
obliquity requiſite to cauſe a total reflexion. Superficies there- 
fore which Refract moſt do ſooneſt Reflect all the light which is 
incident on them, and ſo muſt be allowed moſt ſtrongly reflexive. 

But the truth of this Propoſition will farther appear by obſerv- 
ing, that in the ſuperficies interceding two tranſparent mediums 
(ſuch as are air, water, oil, common glaſs, cryſtal, metalline glaſſes, 


iſland glaſſes, white tranſparent arſenick, diamonds, &c.) the re- 


flexion is ſtronger or weaker accordingly, as the ſuperficies hath 
a greater or leſs Refracting power. For in the confine of air and 


ſal-gem it is ſtronger than in the confine of air and water; and 


{till ſtronger in the confine of air and common glaſs or cryſtal 
and ſtronger in the confine of air and a diamond. If any of theſe, 
and ſuch like tranſparent ſolids, be immerged in water, its re- 
flexion becomes much weaker than before; and ſtill weaker, if 
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um into another, which refracts from the perpendicular, the greater Regen 


they be immerged in the more ſtrongly Refracting liquors of well 


rectified oil of vitriol or ſpirit of turpentine. If water be diſtin- 
guiſhed into two parts, by any imaginary ſurface, the reflexion 
in the confine of thoſe two parts, is none at all. In the confine 
ok water and ice it is very little; in that of water and oil it is 


lomething greater; in that of water and ſal-gem ſtill greater; 


and in that of water and glaſs, or cryſtal, or other denſer ſub- 
ſtances ſtill greater, accordingly as thoſe mediums differ more or 
leſs in their Refracting powers. Hence in the confine of com- 

* 4 mon 


on and 


fraction. 


Cauſe of 


Opacity 


cles, and then they become tranſparent. 
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mon glaſs and cryſtal, there ought to be a weak reflexion; and 
a ſtronger retlexion in the confine of common and metalline 
glaſs, though I have not yet tried this. But, in the confine of 
two glaſſes "of equal denſity, there is not any ſenſible reflexion, 
as was ſhewn in the firſt Obſervation. And the ſame may be 
underſtood of the ſuperficies interceding two cryſtals, or two li- 
quors, or any other ſubſtances in which no refraction is cauſed, 
So then the reaſon why uniform pellucid mediums, ſuch as wa- 


ter, glaſs or cryſtal, have no ſenſible reflexion but in their exter- 


nal ſuperficies, where they are adjacent to other mediums of 2 
different denfity, is becauſe all their contiguous N have one and 
the ſame degree of denſity. 


PROP. II. 


7 he leaf parts of almoſt all Natural Bodies are in ſome meaſure 


tranſharent : and the Opacity of thoſe bodies ariſeth from the mul- 
titude of reflexions cauſed in their internal . 


That this is ſo has been obſerved by there, and will eaſily be 
granted by them that have been converſant with microſcopes. 


And it may be alſo tried by applying any ſubſtance to a hole, 
through which ſome light is immitted into a dark room. For 


how Opake ſoever that ſubſtance may ſeem in the open air, it 
will by that means appear very manifeſtly tranſparent, if it be of 


a ſufficient thinneſs. Only White Metalline bodies muſt be ex- 
cepted, which, by reaſon of their exceſſive denſity, ſeem to re- 
flect almoſt all the light incident on their firſt ſuperficies, unleſs 
by ſolution in menſtruums they be reduced into very ſmall parti- 
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Between the parts of Opake and Coloured bodies are many ſpaces, ei- 
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ther empty, or repleniſhed with mediums of other denſities; as 4. 
zer between the tinging corpuſcles wherewith any liquor is impreg= 


nated;. air between the aqueous globules that con/iitute clouds or 
miſis; and for the moſt part ſpaces void of both air and water, 
but yet perhaps not wholly void of all ſubſtance, between the parts 
of Hard Bodies. 


The truth of this is evinced by the two precedent Propoſitions: Porovinek a 


principal 


for by the ſecond Propoſition there are many reflexions made by cauſe of 


the internal parts of bodies, which, by the firſt Propoſition, 
would not happen if the parts of thoſe bodies were continued 
without any ſuch interſtices between them, becauſe reflexions are 
cauſed only in ſuperficies, which intercede mediums of a differ- 
ing denſity by Prop. I. 

But farther, that this diſcontinuity of- parts is the principal 
cauſe of the Opacity of bodies, will appear by conſidering, that 
Opake ſubſtances become Tranſparent, by filling their pores with 


Opacity, 


any ſubſtance of equal, or almoſt equal, denſity with their parts. 
Thus paper dipped in water or oil, the Ocu/us Mundi {tone ſteeped. 


in water, linen cloth oiled or varniſhed, and many other ſub- 
ſtances ſoaked in ſuch liquors as will intimately pervade their little 


pores, become by that means more tranſparent than otherwiſe ; 


lo, on the contrary, the moſt Tranſparent ſubſtances may, by 
evacuating their pores, or ſeparating their parts, be rendered ſuf- 
ficiently Opake; as ſalts or wet paper, or the Oculus Mundi ſtone, 
by being dried; horn, by being ſcraped; glaſs, by being reduced to 
powder, or otherwiſe flawed; turpentine, by being ſtirred about 
with water till they mix imperfectly; and water, by being formed 
into many ſmall bubbles, either alone in the form of froth, or 
by ſhaking it together with oil of turpentine, or oil olive, or with 


ſome other convenient liquor, with bt hich it will not perfectly in- 


corporate, And to the increaſe of the Opacity of theſe bodies 
it conduces ſomething, that, by the 2 3d Obſervation, the reflexions 
of 


mL + 


or tranſmit 
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of very thin tranſparent ſubſtances are conſiderably ſtronger than 
thoſe made by the ſame ſubſtances of a greater thickneſs, 


PROP. IV. 


The Parts of bodies and their interſtices muſt not be leſs than of ſome 
definite bigneſs, to render them Opake and Coloured. 


of Particleand 


Pore requiſite Metals by being diſſolved in acid menſtruums, &c.) become per- 

Cane. d fectly Tranſparent. And you may alſo remember, that in the 
eighth Obſervation there was no ſenſible reflexion at the ſuperfi- 
cies of the object>glaſles, where they were very near one another, 
though they did not abſolutely touch. And in the 17th Obſer- 
vation the reflexion of the water-bubble where it became thinneſt 
was almoſt inſenſible, ſo as to cauſe very Black ſpots to appear on 
the top of the bubble by the want of reflected light. 

On theſe grounds I perceive it is, that water, ſalt, glaſs, ſtones, 
and ſuch like ſubſtances, are tranſparent. For, upon divers con- 
ſiderations, they ſeem to be as full of pores, or interſtices be- 
tween their parts, as other bodies are; but yet their parts and in- 


terſtices to be too ſmall to cauſe reflexions in their common 
ſur faces. | | 


Adefiniteſize For the Opakeſt bodies, if their parts be ſubtilly divided (as 


P:RiOP: Vo 


The Tranſparent Parts of bodies according to their ſeveral ſixes re- 
Nec rays of one colour, and tranſmit thoſe of another, on the 
ſame grounds that thin plates or bubbles do reflect or tranſmit thoſe 

rays. And this I take to be the ground of all their colours. 


The tranſpa. For if a thinned or plated body, which being of an even 
rent Parts of, 


bodies reflect thickneſs, appears all over of one uniform colour, ſhould. be {lit 
into threads, or broken into fragments, of the ſame thicknels 
with the plate; I ſee no reaſon why every thread or fragment 
ſhould not keep its colour, and by conſequence why a heap of 
thoſe threads or fragments ſhould not conſtitute a maſs or pow] 
der of the ſame colour, which the plate exhibited before it was 
broken. And the parts of all Natural Bodies being like ſo many 

fragments 
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fragments of a plate, muſt on the ſame grounds exhibit the ſame the ſeveral 
colours. — et—arbyc | 
Now that they do ſo, will appear by the affinity of their pro- eit fes. 
rties. The finely coloured feathers of ſome birds, and parti- 
cularly thoſe of peacocks tails, do in the very ſame part of the 
feather appear of ſeveral colours in ſeveral poſitions of the eye, 
after the very ſame manner that thin plates were found to do in 
the 7th and 19th Obſervations, and therefore their colours ariſe 
from the thinneſs of the tranſparent parts of the feathers ; that 
is, from the ſlenderneſs of the very fine hairs, or Capillamenta, i 
which grow out of the ſides of the groſſer lateral branches or fi- | 
bres of thoſe feathers. And to the ſame purpoſe it is, that the | 
webs of ſome ſpiders, by being ſpun very fine, have appeared 
coloured, as ſome have obſerved, and that the coloured fibres of 
ſome filks, by varying the poſition of the eye, do vary their co- 
tour. Alſo the colours of filks, cloths, and other ſubſtances, 
which water or oil can intimately penetrate, become more faint 
and obſcure by being immerged in thoſe liquors, and recover their 
vigour again by being dried; much after the manner declared of 
thin bodies in the f oth ad 1{t Obſervations. Leaf-gold, ſome 
ſorts of painted glaſs, the infuſion of Lignum Nepbriticum, and 
fome other ſubſtances reflect one colour, and tranſmit another, 
like thin bodies in the gth and 2oth Obſervations. And ſome of 
thoſe coloured powders which painters uſe, may have their co- 
lours a little changed, by being very elaborately and finely ground. 
Where I ſee not what can be juſtly pretended for thoſe changes, 
beſides the breaking of their parts into leſs parts, by that contri- 
tion, after the ſame manner that the colour of a thin plate is 
changed, by varying its thickneſs. For which renſon alſo it is 
that the coloured flowers of plants and vegetables by being bruiſed 
uſually become more tranſparent than before; or at leaſt in ſome 
degree or other change their colours. Nor is it much lefs to my 
purpoſe, that by mixing divers liquors very odd and remarkable 
productions and changes of colours may be effected; of which no = 
cauſe can be more obvious and rational, than that the ſaline cor- 
puſcles of one liquor do variouſly act upon, or unite with, the 
tinging corpuſcles of another, ſo as to make them ſwell or ſhrink; 
| whereby 
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V whereby not only their bulk but their denſity alſo may be 
changed; or to divide them into ſmaller corpuſcles, whereby a co- 

loured liquor may become tranſparent; or to make many of them 
aſſociate into one cluſter, whereby two tranſparent liquors ma 

compoſe a coloured one. For we ſee how apt thoſe ſaline men- 

ſtruums are to penetrate and diſſolve ſubſtances to which they are 

applied, and ſome of them to precipitate what others diſſolve. 

In like manner, if we conſider the various phenomena of the 

atmoſphere, we may obſerve, that when varpours are firſt raiſed, 

they hinder not the tranſparency of the air, being divided into 

parts too ſmall to cauſe any reflexion in their ſuperficies. But 

when in order to compoſe drops of rain they begin to coaleſce and 

conſtitute globules of all intermediate ſizes, thoſe globules, when 

they become of a convenient ſize to reflect ſome colours and tranſ- 

mit others, may conſtitute clouds of various colours according to 

their ſizes. And I ſee not what can be rationally conceived in ſo 

tranſparent a ſubſtance as water for the production of theſe co- 

1ours, beſides the various ſizes of its fluid and globular parcels, 


PROP. VI. 
| The Parts of bodies on which their colours depend, are denſer than 
the medium, which pervades heir mnter/lices. EY 


3 | This will appear by conſidering, that the colour of a body de- 


dies denſer pends not only on the rays which are incident perpendicularly on 
than the Me- RS: 1 ö | 2 
dium which its parts, but on thoſe alſo which are incident at all other angles. 


ee weir And that according to the 7th Obſervation, a very little variation 
of Obliquity will change the reflected colour, where the thin 
body, or ſmall particle is rarer than the ambient medium; inſo- 
much that ſuch a ſmall particle is, at diverſly oblique incidences, 
reflect of all ſorts of colours, in ſo great a variety that the co- 
jour reſulting from them all, confuſedly reflected from a heap 
of ſuch particles, muſt rather be a White or Grey than any other 
colour, or at beſt it muſt be but a very inperfect and dirty colour. 
Whereas if the thin body, or ſmall particle, be much denſer than 
the ambient medium, the colours according to the 1th Obſerva- 
tion are ſo little changed by the variation of Obliquity, that the 


- | rays, 
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rays, which are reflected leaſt obliquely, may predominate over 
the reſt, ſo much as to cauſe a heap of ſuch particles to appear 
very intenſely of their colour. 

It conduces ſomething alſo to the confirmation of this Propo- 
ſition, that, according to the 22d Obſervation, the colours exhi- 
bited by the denſer thin body, within the rarer, are more briſk 
than thoſe exhibited by the rarer within the denſer. 


„„ . 
The Bigneſ of the component Parts of Natural bodies may be con- 
jeftured by their colours. 


For ſince the Parts of theſe bodies by Prop. v. do moſt proba- The Colours 


bly exhibit the ſame colours with a plate of equal thickneſs, pro- 
vided they have the ſame Refractive Denſity; and fince their Parts 


of Bodies in- 


ſizes of their 
component 


ſeem for the moſt part to have much the ſame denſity with water Particles. 


or glaſs, as by many circumſtances is obvious to collect; to de- 
termine the ſizes of thoſe Parts, you need only have recourſe to 
the precedent Tables, in which the thickneſs of water or glaſs 
exhibiting any colour is expreſſed. Thus if it be deſired to know 
the diameter of a corpuſcle, which being of equal denfity with 
glaſs, ſhall reflect Green of the Third order; the number 164 
ſhews it to be —==-- parts of an inch. 

The greateſt difficulty is here to know of what Order the co- 
lour of any body is. And for this end we muſt have recourſe to 
the 4th and 18th Obſervations, from whence may be collected 
theſe particulars. 

_ Scarlets, and other Reds, Oranges and Ye/owws, if they be pure 
and intenſe, are moſt probably of the Second order. Thoſe of 
the Firſt and Third order alſo may be pretty good, only the Yel- 
low of the firſt order is faint, and the Orange and Red of the 
Third order have a great mixture of Violet and Blue. 

There may be good Greens of the Fourth order, but the pureſt 
are of the Third. And of this order the Green of all vegetables 
ſeem to be, partly by reaſon of the intenſeneſs of their colours, 
and partly becauſe when they wither, ſome of them turn to a 


greentth Yellow, and others to a more perfect Yellow or Orange, 
or, . | Y or 
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riese, wee 
The Colours Or perhaps to Red, paſſing firſt through all the aforeſaid inter- 


mediate colours. Which changes ſeem to be effected by the ex- 
haling of the moiſture ; which may leave the tinging corpuſcles 


more denſe, and ſomething augmented by the accretion of the 


oily and earthy part of that moiſture. Now the Green without 
doubt is of the ſame order, with thoſe colours into which it 
changeth ; becauſe the changes are gradval, and thoſe colours, 
though uſually not very full, yet are often too full and lively to 


be of the Fourth order. 


Blues and Pur ples may be either of the Second or Third order, 


but the beſt are of the Third. Thus the colour of Violets ſeems 


to be of that order, becauſe their ſyrup by Acid liquors turns 
Red, and by Urinous and Alcalizate turns Green, For ſince it is 
of the nature of Acids to diſſolve or attenuate, and of alcalies to 


_ precipitate or incraſſate; if the Purple colour of the ſyrup was 
of the Second order, an Acid liquor, by attenuating its tinging 


corpuſcles, would change it to a Red of the Firſt order, and an 
alcali by incraſſating them would change it to a Green of the 


ſecond order; which Red and Green, eſpecially the Green, ſeem 
too imperfect to be the colours produced by theſe changes. But 
if the {aid Purple be ſuppoſed of the Third order, its change to 


Red of the Second, and Green of the Thard, may without any 
inconvenience be allowed. 

If there be found any body Y a deeper and leſs reddiſh Pur- 
ple than that of tbe Violets, its colour moſt probably is if the 
Second order. But yet there being no body, commonly known, 
whoſe colour is conſtantly more deep than theirs; I have made 


uſe of their name to denote the deepeſt and leaſt reddiſh Purples, 
ſuch as manifeſtly tranſcend their colour in purity. 


The Blue of the Firſt order, though very faint and little, may 


poſſibly be the colour of ſome. ſubſtances ; and particularly the 


Azure colour of the ſkies ſeems to be of this order. For all va- 


pours, When they begin to condenſe and coaleſce into ſmall par- 
cels, become firſt of that bigneſs, whereby ſuch an Azure muſt 
be reflected, before they can conſtitute clouds of other colours. 
And ſo this being the firſt colour which vapours begin to reflect, 


it ought to be the colour of the fineſt and moſt tranſparent Kies, 


in 
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in which vapours are not arrived to that groſſneſs requiſite to re- the fizes of 
dit 1 4 A their 1 
fect other colours, as we find it 1s by experience. cir. compo 


nent parucles. 


fhiteneſe, if moſt intenſe and luminous, is that of the Firſt 


order, if leſs ſtrong and.luminous a mixture of the colours of ſe- 
veral orders. Of this laſt kind is the whiteneſs of froth, paper, 
linen, and moſt white ſubſtances ; of the former I reckon that of 


white metals to be. For whilſt the denſeſt of metals, gold, if 


foliated, is tranſparent, and all metals become tranſparent, if 
diſſolved in menſtruums or vitrified; the opacity of white metals 
ariſeth not from their denſity alone. They being leſs denſe than 
gold would be more tranſparent than it, did not fome other cauſe 
concur with their denſity to make them Opake. And this cauſe 
take to be ſuch a bigneſs of their particles, as fits them to reflect 
the White of the Firſt order. For if they be of other thick - 
neſſes, they may reflect other colours; as is manifeſt by the co- 
lours which appear upon hot ſteel in tempering it, and ſometimes 
upon the ſurface of meited metals, in the ſkin or ſcoria which 
ariſes upon them in their cooling. And as the White of the 
Firſt order is the ſtrongeſt which can be made by plates of tranſ- 


parent ſubſtances, ſo it ought to be ſtronger in the denſer ſub- 
ſtances of metals, than in the rarer of air, water, and glaſs. Nor 
do] ſee but that Metallic ſubſtances, of ſuch a thickneſs as may fit 
them to reflect the White of the Firſt order, may, by reaton of 


| their great denſity, according to the tenour of the firſt of theſe 
Propoſitions, reflect all the light incident upon them, and 1o be 
as opake and ſplendent as it is poſſible for any body to be. Gold, 


or Copper mixed with leſs than half their weight of filver, or 


tin, or regulus of antimony, in fuſion, or amalgamed with a 
very little mercury, become white ; whieh ſhews both that the 
particles of white metals have much more ſuperficies, and ſo are 
ſmaller, than thoſe of gold and copper, and alſo that they are 
ſo opake, as not to ſuffer the particles of gold or copper to ſhine 
through them. Now it is ſcarce to be doubted, but that the co- 
lours of gold and copper are of the Second and Third order; and 
therefore the particles of white metals cannot be much bigger, 
than is requiſite to make them reflect the White of the Firſt or- 
der. The volatility of Mercury argues, that they are not much 

Y 2 bigger; 
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The Colour: bigger; nor may they be much leſs, leſt they loſe their Opacity; 
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and become either tranſparent, as they do when attenuated by 
vitrification, or by ſolution in Menſtruums; or Black, as they dg 
when ground ſmaller, by rubbing ſilver, or tin, or lead, upon 


other ſubſtances to draw Black lines. The firſt and only colour 


which white metals take by grinding their particles ſmaller, is 
Black; and therefore their White ought to be that which borders 
upon the Black ſpot in the center of the rings of colours, that is, 
the White of the Firſt order. But if you would hence gather 
the bigneſs of Metallic particles, you muſt allow for their denſi- 
ty. For were Mercury tranſparent, its denſity is ſuch that the 
ſine of incidence upon it (by my computation) would be to the 
ſine of its refraction, as 71 to 20, or 7 to 2. And therefore 
the thickneſs of its particles, that they may exhibit the fame co- 
jours with thoſe of bubbles of water, ought to be leſs than the 
thickneſs of the ſkin of thoſe bubbles, in the proportion of 2 to 


7. Whence it is poſſible that the particles of Mercury may be 
as little as the particles of ſome tranſparent and volatile fluids, and 


vet reflect the White of the Firſt order. 


Laſtly, for the production of Black, the corpuſcles muſt be 
teſs than any of thoſe which exhibit colours. For at all greater 


ſizes there is too much light reflected to conſtitute this colour. 


But if they be ſuppoſed a little leſs than is requiſite to reflect the 
White and very faint Blue of the Firſt order, they will, accord- 
ing to the 4th, 8th, 17th and 18th Obſervations, reflect ſo very 
little light as to appear intenſely Black; and yet may perhaps va- 
riouſly refract it to and fro within themſelves ſo long, until it 
happen to be ſtifled and loſt; by which means they will appear 
Black, in all poſitions of the eye, without any tran{parency. 
And from hence may be underſtood why fire, and the more ſub- 


tle diflolver putrefaction, by dividing the particles of ſubſtances, 
turn them to Black; why ſmall quantities of Black ſubſtances 


impart their colour very freely and intenſely to other ſubſtances, 
to which they are applied; the minute particles of theſe, by rea- 
ſon of their very great number, eaſily overſpreading the groſs 
particles of others; why glaſs ground very elaborately with {and 


on a copper plate, till it be well polithed, makes the ſand, toge- 


T ther 


ther with what is worn off from the glaſs and copper, become de fes 


very Black : why Black ſubſtances do ſooneſt of all others he- 2 

come hot in the ſun's light and burn (which effect may proceed 

partly from the multitude of refractions in a little room, and 

partly from the eaſy commotion of ſo very ſmall corpuſcles); : 
and why Blacks are uſually a little inclined to a blueiſh colour: 

for that they are ſo may be ſeen, by illuminating white paper by 

light reflected from Black ſubſtances. For the paper will uſually 

appear of a blueiſh White; and the reaſon is, that Black borders 

on the obſcure Blue of the Firſt order deſcribed in the 18th Ob- 
ſervation, and therefore reflects more my of that colour, than 

of any other. 

In theſe deſcriptions I have been the more particular, becauſe nog aig 
it is not impoſſible but that Microſcopes may at length be im- provemeve of 
proved to the diſcovery of the particles of bodies on which their — 
colours depend, if they are not already in ſome meaſure arrived 
to that degree of perfection. For if thoſe inſtruments are or can 
be ſo far improved, as with ſufficient diſtinctneſs to repreſent ob- 
jectʒ five or fix hundred times bigger, than at a foot diſtance they 
appear to our naked eyes; I ſhould hope that we might be able to 
diſcover ſome of the greateſt of thoſe corpuſcles. And by one 
that would magnify three or four thouſand times, perhaps they 
might all be diſcovered, but thoſe which produce Blackneſs. III 
the mean while I ſee nothing material in this diſcourte that may 
rationally be douhted of, excepting this poſition : That tranſpa- 
rent corpuſcles of the ſame thickneſs and denſity with a plate, do 
exhibit the ſame colour. And this would have underitood not 
without ſome latitude ; as well becauſe thoſe corpuſcles may be 
of irregular figures, and many rays muſt be obliquely incident 
ON them. and ſo have a ſhorter way through them than the length 
of their diameters ; as becauſe the ſtraitneſs of the medium, pent 
in on all ſides within ſuch corpuſcles, may a little alter its mo- 
tions, or other qualities, on which the reflexion depends. But 
det cannot much ſuſpect the laſt; becauſe I have obſerved of 
lome ſmall plates of e -glaſs, which were of an even 
thickneſs, that thraugh a microſcope they have appeared of the 
lame colour at their ges and corners, where the included me- 
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* can be diſcovered with microſcopes ; which, if we ſhall at length 
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e ſtrong, as in its paſſage out of air into glaſs, or rather a little 


dium was terminated, which they appeared of in other Places, 


Nature within the corpuſcles, by reaſon of their tranſparency, 


trom the glaſs, ſuppoſe in the air-pump invented by 0770 Gueric 


However it will add much to our ſatisfaction, if thoſe corpuſcle, 


attain to, I fear it will be the utmoſt improvement of this ſenſe, 
For it ſeems impoſſible to ſee the more ſecret and noble works of 
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The cauſe of reflexion is not the impinging of light on the ſolid or 
impervious Paris of bodies, as 1s Commonly believed. 


This will appear by the following conſiderations. . Firſt, That 
in the paſſage of light out of glaſs into air there is a reflexion as 


ſtronger; and by many degrees ſtronger, than in its paſſage out 
of glaſs into water. And it ſeems not probable, that air ſhould 
have more ſtrongly reflecting parts than water or glaſs. But if 
that ſhould poſſibly be ſuppoſed, yet it will avail nothing; for 
the reflexion is as ſtrong or ſtronger when the air is drawn away 


and improved and made uſeful by Mr. Boyle, as when it is adja- 
cent to it. | Secondly, If light in its paſſage out of glaſs into air 
be incident more obliquely, than at an angle of 40 or 41 de- 
grees, it is wholly reflected; if leſs obliquely, it is in great mea- 
ſure tranſmitted. Now it is not to be imagined, that light, at one 
degree of obliquity, ſhould meet with pores enough in the air to 
tranſmit the greater part of it ; and at another degree of Obli- 
quity, ſhould meet with nothing but parts to reflect it wholly ; 
eſpecially conſidering that in its paſſage out of air into glaſs, how 
oblique ſoever be its incidence, it finds pores enough in the glaſs 
to tranſmit a great part of it. If any man ſuppoſe that it is not 
reflected by the air, but by the outmoſt ſuperficial parts of the 

glaſs, there is ſtill the ſame difficulty: beſides, that ſuch a ſup- 

polition 1s unintelligible, and will alſo appear to be falſe by ap- 

plying water behind ſome part of the glaſs inſtead of air. For 

ſo in a convenient obliquity of the rays, ſuppoſe of 45 or 40 

degrees, at which they arc all reflected where the air is adjacent 

| to 
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to the glaſs; they ſhall be in great meaſure tranſmitted, where ot bodie rot 


the water is adjacent to it: which argues, that their reflexion or 
tranſmiſſion depends on the conſtitution of the air and water be- 
hind the glaſs, and not on the ſtriking of the rays upon the parts 
of the glaſs. Thirdly, If the colours made by a priſm, placed 
at the entrance of a beam of light into a darkened room, be ſuc- 
ceſſively caſt on a ſecond priſm placed at a greater diſtance fram 
the former, in ſuch manner that they are all alike incident upon 

it: the ſecond priſm may be ſo inclined to the incident rays, that 
thoſe which are of a Blue colour ſhall be all reflected by it, and 
yet thoſe of a Red colour pretty copiouſly tranſmitted. Now if 
the reflexion be cauſed by the parts of air or glaſs, I would aſk, 
why, at the ſame obliquity of incidence, the Blue ſhould wholly 
impinge on thoſe parts ſo as to be all reflected, and yet the Red 
find pores enough to be in a great meaſure tranſmitted. Fourth- 
ly, Where two glaſſes touch one another, there is no ſenſible re- 
flexion, as was declared in the firſt Obſervation ; and yet I ſee 
no reaſon, why the rays ſhould not impinge on the parts of glaſs 
as much when contiguous to other glaſs, as when contiguous to 
air. Fifthly, When the top of a water-bubble, in the 17th Ob- 
ſervation, by the continual ſubſiding and exhaling of the water 
grew very thin, there was ſuch a little and almoſt inſenſible quan- 
tity of light reflected from it, that it appeared intenſely Black; 
whereas round about that Black ſpot, where the water was thicker, 
the reflexion was fo ſtrong as to make the water ſeem very White. 
Nor is it only at the leaſt thickneſs of thin plates or bubbles, that 
there is no manifeſt reflexion, but at many other thicknefles con- 
tinually greater and greater. For in the 15th Obſervation the 
Tays of the ſame colour were by turns tranſmitted at one thick- 
neſs, and reflected at another thickneſs, for an indeterminate. 

number of ſucceſſions. And yet in the ſaperficies of the thin- 
ned body, where it is of one thickneſs, there are as many parts 
for the rays to impinge on, as where it is of any other thickneſs. 

oxthly, If reflexion were cauſed by the parts of reflecting bo- 
dies, it would be impollible for thin plates or bubbles at one and 
the ſame place to reflect the rays of one colour, and tranſmit thoſe 
of another; as they do, according to the 1 3th and I 5th Obſer- 
| VAtlONs. 
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For it is not to be imagined, that at one place the rays, 
which for inſtance exhibit a Blue colour, ſhould have the fortune 
— TETH upon the Parts, and thoſe which exhibit a Red to hit upon 
the Pores of the body; and then at another place, where the 
body is either a little thicker, or a little thinner, that on the con- 
trary the Blue ſhould hit upon its Pores, and the Red upon its 
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Parts. Laſtly, were the rays of light reflected by impinging on 
the ſolid parts of bodies, their reflexions from poliſhed bodies 
could not be ſo regular as they are. For in poliſhing glaſs with 
ſand, putty or tripoly, it is not to be imagined, that thoſe ſub. 
ſtances can, by. grating and fretting the glaſs, bring all its leaſt 
particles to an accurate poliſh ; ſo that all their ſurtaces ſhall be 
truly plain or truly ſpherical, and look all the ſame way, fo as 
together to compoſe one even ſurface. The ſmaller the particles 


of thoſe ſubſtances are, the ſmaller will be the ſcratches, by 


which they continually fret and wear away the glaſs until it be 
poliſhed ; but, be they never ſo ſmall, they can wear away the 
glaſs no otherwile, than by grating and ſcratching it, and break- 
ing the protuberances; and therefore polith it no otherwiſe, than 
by bringing its roughneſs to a very fine grain, ſo that the ſcratches 
and trettings of the ſurface become too ſmall to be viſible. And 
therefore if light were reflected by impinging upon the {ſolid 
Parts of the laſs, it would be ſcattered as much by the moſt 
poliſhed glaſs as by the rougheſt. So then it remains a Problem, 


how glaſs, poliſhed by fretting ſubſtances, can reflect light ſo re- 
gularly as it does. 
ſolved, than by ſaying, 


And this Problem is ſcarce otherwiſe to be 
that the reflexion of a ray is effected, not 
by a ſingle point of the reflecting body, but by ſome Power of 


the body which is evenly diffuſed all over its ſurface, and by 


which it acts upon the ray without immediate contact. For that 
the Parts of bodies do act upon light at a diſtance ſhall be ſhewn 
hereafter. 


Now if light be reflected not by impinging on the ſolid parts 


of bodies, but by ſome other principle; it is probable that as 
many of its rays as impinge on the ſolid Parts of bodies are not 
reflected, but ſtifled and loſt in the bodies. 
muſt allow two ſorts of reflexions. 


For otherwiſe ve 


Should all the rays be re- 
flected 
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flected which impinge on the internal parts of clear water or of bodies vor 


cryſtal, thoſe ſubſtances would rather have a elaudy colour than Referion. 
A clear frani 


Rarency. To make bodies look Black, it is neceflary 
that many rays be ſtopped, retained and laſt in them; and it ſeems 
not probable, that any rays can be ſtopped and. ſtifled in OY 
which do not impinge on their Parts, 

And hence we may underſtand that bodies are emmuck more rare 8 of 
and porous, than 1s commonly believed. Water i is nineteen times * 
lighter, and by conſequence nineteen times rarer, than gold; and 
gold is ſo rare as very readily, and without the leaſt oppoſition, to 
tranſmit the Magnetic effluvia, and eaſily to admit quick-filver 
into its -pores, and to let water paſs through it. For a concave 
ſphere of gold filled with water, and ſodered up, has, upon preſ- 
ſing the ſphere with great force, let the water ſqueeze through 
it, and ſtand all over its outſide in multitudes of ſmall drops, like 
dew, without burſting or cracking the body af the gold; as I 
have been informed by an eye-witneſs. From all which we may 
conclude, that gold has more pores than ſolid parts, and by con- 


ſequence that water has above forty times more Pores than Parts. 


And he that ſhall find out an hypotheſis, by which water may be 
ſo rare, and yet not be capable of compreſſion by force; may 
doubtleſs, by the ſame hypotheſis, make gold and water, and all 


other bodies, as much rarer as he pleaſes, ſo that light may find 
a ready paſſage through tranſparent ſubſtances. 


The magnet acts upon iron through all denſe bodies not mag- 
netic nor red hot, without any diminution of its virtue; as for 
inſtance through gold, ſilver, lead, glaſs, water. The Gravitat- 


ing power of the ſun is tranſmitted through the vaſt bodies of 


the planets without any diminution; ſo as to act upon all their 
parts to their very centers, with the ſame force, and according to 
the ſame laws, as af the part, upon which it acts, were not ſur- 
Tounded with the body of the planet. The rays of light, whe- 
ther they be very ſmall bodies projected, or only motion or force 
Propagated, are moved in right lines; and whenever a ray of light. -. .. 


is, by any obſtacle, turned out of its rectilinear way, it will never 


return. into the ſame rectilinear way, unleſs perhaps by very great 
accident. And yet light is tranſmitted through pellucid ſolid bo- 
„ 5 dies 
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'Poroufricſs ofdies i in Tight lines to very great diſtances. How bodies can have 
* ufficient quantity of pores for producing theſe effects, is very 

difficult to conceive; but perhaps not altogether impoſſible. Per 
the colours of bodies ariſe from the magnitudes of the particle; 
which reflect them, as was explained above. Now if we con. 
ceive theſe particles of bodies to be ſo diſpoſed amongſt them. 
ſelves, that the intervals, or empty ſpaces between them, may 
be equal in magnitude to them all; and that theſe particles may 
be compoſed of other particles much ſmaller, which have a; 
much empty ſpace between them as equals all the magnitudes of 
theſe ſmaller particles; and that in like manner theſe ſmaller par- 
ticles are again compoſed of others much ſmaller, all which to- 
gether are equal to all the pores, or empty ſpaces, between them; 
and ſo on perpetually till you come to folid particles, ſuch as have 
no pores, or empty ſpaces within them: and if in any groß 
body there be, for inſtance, three ſuch degrees of particles, the 
leaſt of which are ſolid; this body will have feven times more 
pores than ſolid parts. But if there be four ſuch degrees of 
particles, the leaſt of which are ſolid, the body will have fifteen 
times more pores than ſolid parts. If there be five degrees, the 
body will have one and thirty times more pores. than fold parts. 
If ſix degrees, the body will have fixty and three times more 
pores than ſolid parts. And ſo on perpetually. And there are 
other ways of conceiving how bodies may be exceeding porous. 
But What is really their inward frame is not yet known to us. 
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PROP. IX: 


Bodies Reflect and Reſraci light by one and the ſame Power variouy 
_ Exercy/ed in Various circumſtancev. | 


Reflexionand. This appears by ſeveral conſiderations. Firft, Becauſe when 

RefraQion : 
light goes out of glaſs into air, as obliquely as it can poſſibly do: 
if its incidence be made ſtill more oblique, it becomes totally Re- 
flected. For the power of the glaſs, after it has. refracted the 
light as obliquely as is poflible, if the incidence be ſtill made 
more oblique, becomes too ſtrong to let any of its rays go 
through, apd by conſequence cauſes total reflexions. gras" 
_ Becauic 
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plate increaſes in an arithmetical progreſſion. For here the 
thickneſs of the glaſs determines whether that power, by which 
glaſs acts upon light, ſhall cauſe it to be reflected, or ſuffer it to 
de tranſmitted. And, Thirdly, Becauſe thoſe ſurfaces of tranſ- 

parent bodies, which have the greateſt Refracting power, reflect 
the greateſt quantity of light, as was ſhewed in the firſt Pro- 
poſition. | | 
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habt be fwifter in bodies than in vacuo, in the proportion of the 
ines which meaſure the refraction of the bodies; the forces of the. 
bodies to reflect and refract light, are very nearly proportional to 
the Denſities of the ſame bodies, excepting that Unctuous and Sul 
 phureous bodies refract more than others of this ſame denſity. 


little; and let ck be the refracted 
ray. From a given point, B, per- 
pendicular to the refracting ſur- 
face erect BR, meeting with the 
refracted ray, cx, in R; and if ck 
* repreſent the motion of the re- 
fracted ray, and this motion be 
diſtinguiſhed into two motions, cs and BR; whereof cs is paral- 
tel to the refracting plane, and z perpendicular to it: cs ſhall 
repreſent the motion of the incident ray, and BK the motion ge- 
nerated by the refraction, as Opticians have of late explained. 
Now if any body or thing, in moving through any ſpace of a 
Siven breadth terminated on both ſides by two parallel planes, be 
Wged forward, in all parts of that ſpace, by forces tending di- 
realy forwards towards the laſt plane, and before its incidence 
on the firſt plane, had no motion towards it, or but an infinitely 
little one; and if the forces, in all parts of that ſpace, between 
Z 2 the 


Becauſe light is alternately reflected and tranſmitted by thin plates ane, Y 
of glaſs for many ſucceſſions, accordingly as the thickneſs of the TE. 


Let 4B repreſent the refracting plane ſurſace of any body, Refradtive 
and 1C a ray incident very obliquely upon the body in c, ſo that tive _ 

a - roportion 
the angle act may be infinitely ie Dcnkiy. 
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| Reſeafirend the plies, be at equal diftances from the planes equal K one 
br another; but at ſeveral diſtances be bigger or 1818 in any given 
Proportion: the motion generated by the forces, in the whole 
| paiſige df the bödy or thing through that fpase, thall be in 4 
ſubduplicate Proportion of the forces, as Mathematicians will ea- 
ſily underſtand (4), And therefore if the ſpate of Aetivity of 

'N | the refracting ſuperficies of the body be chnfdéred as ſuch à 
| [ ED ſpace, the motion of the ray generated by the Refratting * forts 
bk the body, during its paſſage through that ſpace,, that is the- 
| motion BR, muſt be in a ſubduplicate proportion of that Refrac- 
5 . | ting force. I ſay, therefore, that the ſquare of the line Bs, and 
=_ by conſequence the Refracting force of the body, is very nearly as 
* | the Denſity of the ſame body. For this will appear by the fol- 
. _ lowing Table, wherein the proportion of the ſites which mea- 
= ſure the refractions of ſeveral bodies, the ſquare”. of BR, ſup- 
poſing cB an unit, the denſities of the bodies eſtitnated by their 
ſpecific Gravities, and their Refractive power in reſpect of their 
Denſities, are {et down 1 in wu columns. 
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| *þ proportional 
54 O41 3s { | jof zx, to and ſpecificſtive power to Denfity. 
YL LEN eta Fx SH of the body 
ue reftaQting bodies, ffefracht fin reſpet' | 
M1 h pod is pro-  {fity. 
„ 5 4 2 zortionate.Þ. .. 
2 Mad d „ et.” FB 1s | 
| atural, pellucid, brittle, hai ( 1699 427 é 3979 
ſtone; of a Yellow colour. JV + 
«air. .” J to. 3200] &'ooobzg | oe, 5208. | 
_ [Glaſs of Antimony. | R TS - 4864 
 -. (A Selenith, +7 + Þ 61 to 41 1˙213 2252 | 5386 
laſs vulgaeer. 220 1'4025-.- 285 J 5436 
Cryſtal of the Rock. 7490 © SW 0 5450 
ſland Cryſtal. .N #7778 ee . 536 
Sal Gemmæ. R Men 
Alume. 22311267 | 19144 © | O570 - 
Borax. 75 iK. E 17x: © 0916 
Niter. ©. JJV 
Dantzick Vitriol. 1720 ::|- 1716 - 758 
Oil of Vitriol. . ' 1041 ; 17 5 6124 
| [Rain waer. „üs , | 84s | 
Sum Arabick. 179: F ne. 5% 
Spirit of Wine well reiſied 0'8765 | 0'866 10121 | 
Camphire. EN 4 099 12551 
Oil Ohve 515 1'151r [ - 0'913. 12607 
Linſeed Oil. | 27] 11948 | o'gzz | 12819 | 
pirit of Turpentine. 1626 , | 13222 | 
1 2 142 e | 13654 | 
— yp (4949 | - 24556 


The refractlon of A air, n this Table, i is: determined hh that 
of the atmoſphere obſerved by Aſtronomers. For if light paſs 
through many refracting ſubſtances or mediums, gradually denſer 
and denſer, and termmated with parallel ſurfaces, the ſum of 
all the refrackions will be equal to the ſingle refraction, which it 
would have ſuffered in paſſing immediately out of the firſt me- 
dium into the laſt. And this holds true, though the number of 
the refracting ſubſtances be increaſed to infinity, and the diſtances 
from one another as much decreaſed ; ſo that the light may be 
refracted in every point of its pallhgis; and, by continual refrac- 
tions, bent into a curve line. And therefore the whole refrac- 
tion of light, in paffing through the atmoſphere from the high- 
eſt and rareſt part thereof down to the loweſt and denſeſt part, 
| mult be equal to the refraction which it would ſuffer in paſſing, 
at like obliquity, out of a vacuum iinmediately into air, of equal 
Sly * that in the loweſt part of the atmoſphere. 
4 Now 
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ke active Now although a Pſendo-topaz, a Selenitis, Rock Cryſtal, Iſland 
1 nee dt Cryſtal, Vulgar Glaſs (that is, ſand melted together) and glaſs of 
L Antimony, which are terreſtrial ſtony alcalizate Concretes, and 
.f air, which probably ariſes from ſuch ſubſtances by fermentation, 
a be ſubſtances very differing from one another in Denſity ; yet by 
this Table, they have their Refractive powers almoſt in the ſame 
' proportion to one another as their Denſities are, excepting that 
- th2 refraction of that ſtrange ſubſtance Iſland Cryſtal is a little 
bl | bigger than the reſt. And particularly air, which is 3500 times 
rarer than the Pſeudo-Topaz, and 4.400 times rarer than Glaſ 
of Antimony, and 2000 times rarer than the Selenitis, Glaſs 
Vulgar, or Cryſtal of the Rock, has, notwithſtanding its rarity, 
the ſame Refractive power in reſpect of its Denſity, which thoſe 
very denſe ſubſtances have in reſpect of theirs, excepting ſo far 
as thoſe differ from one another. | 
Again, the refraction of Camphire, Oil Olive, Linſeed Oil, 
Spirit of Turpentine and Ambar, which are fat ſulphureous unc- 
tuous bodies, and a Diamond, which probably is an unctuous 
ſubſtance coagulated, have their Refractive Powers in proportion 
to one another as their Denſities, without any conſiderable varia- 
tion. But the Refractive Powers of theſe unctuous ſubſtances 
are two or three times greater, in reſpect of their Denſities, than 
the Refractive Powers of the former ſubſtances in reſpect of 
theirs. of 
Water has a Refractive Power in a middle degree between 
thoſe two ſorts of ſubſtances, and probably is of a middle nature. 
For out of it grow all Vegetable and Animal ſubſtances, which 
conſiſt as well of ſulphureous fat and inflammable parts, as of 
earthly lean and alcalizate ones. 
— Salts and Vitriols have Refractive Powers in a middle degree 
between thoſe of Earthly ſubſtances and water; and according!) 
are compoſed of thoſe two ſorts of ſubſtances. For by diſtilla- 
tion and rectification of their ſpirits a great part of them goes into 
water, and a great part remains behind in the form of a dry fixed 
earth, capable of vitrification. 
Spirit of Wine has a Refractive Power in a middle degree be- 


tween thoſe of Water and Oily ſubſtances; and accordingly ſeems 
to 


to be compoſed of both, united by fermentation; the water, by various 
means of ſome ſaline ſpirits with which it is impregnated, diſ- 
ſolving the oil, and volatizing it by the action. For Spirit of 
Wine is inflammable by means of its oily parts; and being diſ- 
tiled often. from Salt of Tartar, grows by every diſtillation more 
and more Aqueous and Phlegmatick. And Chemiſts obſerve, 
that Vegetables (as Lavender, Rue, Marjoram, 8c.) diſtilled per 
| ſe, before fermentation yield oils without any burning ſpirits ;. 
but after fermentation, yield ardent ſpirits without oils : which: 
ſhews, that their oil is by fermentation converted into ſpirit. 
They find alſo, that if oils be poured in ſmall quantity upon fer- 
mentating vegetables, they diſtil over after fermentation i in the 
form of ſpirits. 

So then, by the foregoing Table, all bodies ſeem to have their 
Refractive, Powers proportional to their Denſities, or very near-- 
ly; excepting. ſo far as they partake more or leſs of ſulphureous 
oily particles, and thereby have their Refractive power made 
greater or leſs. Whence it ſeems rational to attribute the Refrac- 
tive power of all bodies chiefly, if not wholly, to the ſulphure- 
ous parts with which they abound. For it is probable that all bo- 
dies abound more or leſs. with fulphurs. And as light, congre-- 
gated by a burning-glaſs,. acts moſt upon ſulphureous bodies, to 
turn them into fire and flame; ſo, ſince all action is mutual, 
ſulphurs ought to act moſt upon light. For that the action be- 
tween light and bodies is mutual, may appear from this conſide- 
ration; that the denſeſt bodies, which refract and reflect light moſt. 
ſtrongly, grow hotteſt in the ſummer- un, by the action of. the 
refracted or reflected light. 

T have hitherto explained the power of bodies to reflect and re-- 
fract; and ſhewed, that thin tranſparent plates, fibres and parti 
cles do, according to their feveral thickneſſes and denſities, re- 
flect ſeveral ſorts of- rays, and thereby appear of ſeveral colours; 
and, by conſequence, that nothing more is requiſite for producing 
all the colours of Natural Bodies, than the ſeveral fizes and den-- 
ſities of their tranſparent: particles. But whence it is that theſe 
Plates, fibres and: particles do, according to their ſeveral thick-- 


neſſes and denſities, reflect ſeveral ſorts 5 rays, I have not yet 
explained. 


ſubſtances. 


6 - - . DR... p Þ 1 0 * 1 *Boory 
explained. 'To -give ſome in fight into this matter, and make v 
for underſtanding the next part of this Book, I ſhall conclude this 
Part with a few more Propoſitions, Thoſe, which preceded, re. 
ſped the nature of bodies: theſe, the nature of light: for both 
muſt be underſtood, before the reaſon of their actions upon one 
another can be known. And becauſe the laſt Propoſition de. 
pended upon the velocity of light, 1 will — with - 4 pe 
'tion of that — . | 


PROP. XI. 


Lig ht is propagated from luminous Bodies in time; and ſpends about 


feven or eight minutes of an ou in paſſing from the Vun to the 
*. f 


Light propa- This 1 was obſerved firſt by Roemer, and then oy others, by 
bsc ia ae. means of the eclipſes of the ſatellites of Jupiter. For theſe 
eclipſes, when the earth is between the Sun and Jupiter, happen 

about ſeven or eight minutes ſooner, than they ought to do by the 

Tables; and when the Earth is beyond the Sun, they happen 

about ſeven or eight minutes later than they ought to do; the 

reaſon being, that the light of the ſatellites has farther to go in 

the latter caſe, than in the former, by the diameter of the Earth's 

orbit. Some inequalities of time may ariſe from the excentrici- 

ties of the orbs of the ſatellites; but thoſe cannot anſwer in all 

the ſatellites, and at all times, to the poſition and diſtance of 'the 

Earth from the Sun. The mean motions of Jupiter'x ſatellites is 

alſo ſwifter in his deſcent from his aphelium to his perihelium, 

than in his aſcent in the other half of his orb: but this ine- 

quality has no reſpect to the poſition of the Earth, and in the 


three interior ſatellites is inſenſible; ; as] find why: Ro from 
the our of their Jus 


p R O P. 
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PROP. XII. 


Every ray 0 F Light, in its paſſage through any refracting ſurface, is 

put into a certain tranſient conſlitution or ſlate; which, in the pro- 

greſs of the ray, returns at equal intervals; and diſpoſes the ray, 

at every return, to be eaſily tranſmitted through the next refracling 
ſurface, and, between the returns, to be eaſily reflected by it. 
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This is manifeſt by the sth, gth, 12th and 1 5th Obſervations. Fits of Tranſ- 


m' mon and 


For by thoſe Obſervations it appears, that one and the ſame ſort Reflexion. 


of rays, at equal angles of incidence on any thin tranſparent 
plate, is alternately reflected and tranſmitted for many ſucceſſions, 
accordingly as the Thickneſs of the plate increaſes in arithmeti- 


cal progreſſion of the numbers, o, 1, 2, 3, 4, 5, 6, 7, 8, &c. 


ſo that if the Firſt reflexion (that which makes the firſt or inner- 
moſt of the rings of colours there deſcribed) be made at the 


thickneſs 1, the rays ſhall be tranſmitted at the thickneſſes o, 3 


4, 6, 8, 10, 12, &c. and thereby make the central ſpot and rings 
of light, which appear by tranſmiſſion; and be reflected at the 
thickneſs 1, 3, 5, 7, 9, 11, &c. and thereby make the rings 
which appear by reflexion. And this alternate reflexion and 
tranſmiſſion, as I gather by the 24th Obſervation, continues for 
above an hundred viciſſitudes, and by the Obſervations in the next 
part of this Book, for many thouſands ; being propagated from 
one ſurface of a glaſs-plate to the other, though the thickneſs of 
the plate be a quarter of an inch, or above ; ſo that this alterna- 
tion ſeems to be propagated from every refracting ſurface, to all 
diſtances, without end or limitation. 

This alternate reflexion and refraction depends on both the ſur- 
faces of every thin plate, becauſe it depends on their diſtance. 
By the 21ſt Obſervation, if either ſurface of a thin plate of Muſ- 
covy-glaſs be wetted, the colours cauſed by the alternate reflexion 
and refraction grow faint, and therefore it depends on them both. 


It is therefore performed at the ſecond ſurface ; for if it were 


performed at the firſt, before the ravs arrive at the ſecond, it 
Would not depend on the ſecond. 
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Fits of 
Tranſmiſſion 


I. 

91. 
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would not depend on the firſt. And this action or diſpoſition, 


viciſſitudes. And becauſe the ray is diſpoſed to reflexion at the 


poſition to be tranſmitted at the diſtances 2, 4, 6, 8, 10, &c. is 


o > T1 S. | Boox ll 
It is alſo influenced by ſome action or diſpoſition, propagated 
from the firſt to the ſecond ; becauſe otherwiſe at the ſecond] it 


in its propagation, intermits and returns by equal intervals ; be. 
cauſe in all its progreſs it inclines the ray, at one diſtance from 
the firſt ſurface, to be reflected by the ſecond ; at another, to 
be tranſmitted by it, and that by equal intervals for innumerahle 


diſtances I, 3, 5, 7, 9, &c. and to: tranſmiſſion at the diſtances o, 
2, 4, 6, 8, 10, &c. (for its tranfmiſſion through the firſt laren 
is at the diſtance o, and it is tranſmitted through both together, 
if their diſtance be infinitely little or much leſs than 1) the dif- 


to be accounted a return of the ſame diſpoſition which the ray 
firſt had at the diſtance o; that is, at its tranſmiſſion. through the 
firſt refracting ſurface. All which is the thing I would prove, 
What kind of action or diſpoſition this is; whether it conſiſts 
in a circulating or a vibrating motion of the ray, or of the me- 
dium, or ſomething elſe, I do not here enquire. Thoſe that are 
averſe from aſſenting to any new difcoveries, but ſuch as they 
can explain by an hypotheſis, may for the preſent ſuppoſe, that 
as ſtones, by falling upon water, put the water into an undu- 
lating motion, and all bodies by percuſſion excite vibrations in 
the air; ſo the rays of light, by impinging on any retracting or 
reflecting ſurface, excite vibrations in the refracting or reflecting 
medium or ſurſtance, and by exciting them agitate the ſolid parts 
of the refracting or reflecting body, and by agitating them cauſe 
the body to grow warm or hot ; that the vibrations, thus excited, 
are propagated in the refracting or reflecting medium or ſub- 
ſtance, much after the manner that vibrations are propagated in 
the air for cauſing ſound, and move faſter than the rays, ſo as to 
overtake them; and that when any ray is in that part of the vi- 
bration which conſpires with its motion, it eaſily breaks through 
a refracting ſurface ; but when it is i the contrary part of the 
vibration, which impedes its motion, it is eafily reflected ; and, 
by conſ-quence, that every ray is ſucceſſively diſpoſed to be eaſily 


reflected, or ea!i'y tranſmit, by PREP vibration which over- 
takes 
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takes it. But whether this hypotheſis be true or falſe, I do not 9 6 
here conſider. I content myſelf with the bare diſcovery, that weed 
the rays of light are, by ſome cauſe or other, alternately diſpoſed 

to be reflected or refracted for many viciſſitudes. 


DEFINITION. 


The returns of the diſpoſition of any Ray to be reflefled I will call 
its Fits of eaſy Reflexion; and thoſe of its diſpoſition to be tranſ- 
mitted, its Fits of eaſy Tranſmiſſion; and the ſpace it paſſes be- 
tween every return and the next return, the Interval of its Fits. 


STOP 


The reaſon why the ſurfaces of all thick tranſparent bodies Reflect 
part of the light incident on them, and Refract the reſt, is, that 
ſome rays, at their incidence, are in Fits of eaſy Reflexion, and 
others in Fits of eaſy Tranſmiſſion. 


This may be gathered from the 24th Obſervation, where the 
light reflected by thin plates of air and glaſs, which to the naked 
eye appeared evenly white all over the plate, did through a priſm 
appear waved with many ſucceſſions of light and darkneſs, 
made by alternate fits of eaſy Reflexion and eaſy Tranſmiſſion, 
the priſm ſevering and diſtinguiſhing the waves of which the 
White reflected light was compoſed, as was explained above. 

And hence light is in fits of eafy Reflexion and eaſy Tranſmiſ- 
tion, before its incidence on tranſparent bodies. And probably 
it is put into ſuch fits at its firſt emiſſion from luminous bodies, 
and continues in them during all its progreſs. For theſe fits are 
of a laſting nature, as will appear by the next part of this Book. 

In this Propoſition I ſuppoſe the tranſparent bodies to be thick ; 
becauſe if the thickneſs of the body be much leſs than the in- 
terval of the fits of eaſy Reflexion and Tranſmiſſion of the rays, 
the body loſeth its reflecting power. For if the rays, which at 
their entering into the body are put into fits of eaty Tranſmiſ- 
lion, arrive at the fartheſt ſurface of the body before they be 
out of thoſe fits, they muſt be tranſmitted. And this is the rea- 
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mw Tran ſon why bubbles of water loſe their reflecting power when they 


grow very thin, and why all Opake bodies, when reduced into 


very fmall parts, become tranſparent. 


PRO P. XIV. 


The ſurfaces of tranſparent bodies, which, if the ray be in a fit of 
Refraclion, do refract it moſt firongly; it the * be in a fit of 
Reflexion, do reflect it moſt eaſily. 


For we ſhewed above in Prop. vIII. that the cauſe of Reflexion 
is not the impinging of light on the ſolid impervious Parts of bo- 
dies, but ſome other power, by which thoſe ſolid Parts act on 
light at a diſtance. We ſhewed alſo in Prop. 1x. that bodies re- 
flect and refract light by one and the ſame power variouſly exer- 


ciſed in various circumſtances; and in Prop. I. that the. moſt 


ſtrongly refracting ſurfaces reflect the molt light: all which com- 
pared together evince and ratify both this and the laſt Propoſition, 


PROP. XV. 


In any one and the ſame ſort of rays, emerging in any angle out of 
any refratting ſurface into one and the ſame medium, the Inter- 
vals of the following fits of eaſy Reflexion and Tranſmiſſion are, 
either accurately or very nearly, as the rectangle of the ſecant of 
the angle of refraction, and of the ſecant of another anolt, 
whoſe fine 15 the firſt of 106 arithmetical mean proportionals be- 


tween the fines of incidence and refraction, counted from the ſine 


of refraction. 


This 18 manifeſt by the 7th and 19th Obſervations. 
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Reflexion. 


In ſeveral ſorts of rays, emerging in equal angles out of any refract- 

ing ſurface into the ſame medium, the intervals of the following 

fits of eaſy Reflexion and eaſy Tranſmiſſion are, etther accurately 

or very nearly, as the cube-roots of the ſquares of the lengths of 
4 chord, whieh- ſound the. notes of an eight, ſol, la, fa, fol, la, 

mi, fa, fol, with all their intermediate degrees anſwering to the 

colours of thoſe rays, according to the analogy deſcribed in the ſe- 
venth Experiment of the ſecond Part of the fir Book. 


This is manifeſt by the 1 3th and 14th Obſervations. 


PROP. XVII. 


F rays of any ſort paſs perpendicularly into ſeveral mediums, the 
intervals of the fits of eaſy Refraclion and Tranſmiſſion in any 
one medium, are to thoſe intervals in any other, as the fine of 

incidence to the ſine of dmg when the rays paſs out of the 
firſt of thoſe two mediums into the ſecond. 


This is manifeſt 7 the Ioth Obſervation. 


TROP. AVIR 


If the rays, which paint the colour in the confine of Tellot * Orange, 
paſs perpendicularly out of any medium into air, the intervals of 
their fits of eaſy Reflexion are the 55th part of an inch, And 
of the ſame length are the intervals of their fits of eaſy Tranſ- 
mifjion. 


This is manifeſt by the 6th Obſervation. 

From theſe Propoſitions it is eaſy to collect the intervals as the 
fits of eaſy Reflexion and Tranſmiffion of any ſort of rays, re- 
fracted in any angle into any medium; and thence to know, whe- 
ther the rays ſhall be reflected or tranſmitted, at their ſubſequent 
incidence upon any other pellucid medium. Which thing, being 
uſeful for underſtanding the next part of this Book, was here to 


be ſet down. And for the fame reaſon I add the two following 
Propoſitions. 


P RO P. 


Tranſmiſlion 
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IF any fort of rays, falling on the polite ſurface of any pellutid me. 

dium, be reflected back; the fits of eaſy Reflexion, which they have 

at the point of reflexion, ſhall fill continue to return; and the ye. 

turns ſhall be at diſtances from the point of reflexion in the arith.- 

 metical progreſſion of the numbers 2, 4, 6, 8, 10, 12, &c. ang 
between theſe fits the rays ſhall be in fits of eaſy Tranſmiſſion. 


For ſince the fits of eaſy Reflexion and-eaſy Tranſmiſſion are 
of a returning nature, there is no reaſon why theſe fits, which 
continued till the ray arrived at the reflecting medium, and there 
inclined the ray to reflexion, ſhould there ceaſe. And if the ray, 
at the point of reflexion, was in a fit of eaſy reflexion, the pro- 
greſſion of the diſtances of theſe fits from that point muſt begin 
from o, and ſo be of the numbers o, 2, 4, 6, 8, &c. And 
therefore the progreſſion of the diſtances of the intermediate fits 
of eaſy Tranſmiſſion, reckoned from the ſame point, muſt be in 
the progreſſion of the odd numbers 1, 3, 5, 7, 9, &c. contrary 
to what happens, when the fits are 9 from points of re- 
fraction. 


„„ xX. 


7 be intervals of the fig of eaſy Reflexion and eaſy Tranſmiſſion, pro- 
pagated from points of reflexion into any medium, are equal to 
the intervals of the like fits, which the ſame rays would have, ij 
refracted into the ſame medium in angles of refraction equal 10 
heir an gen of reflexion. 


For when light is reflected by the ſecond ſurface of thin plates, 
it goes out afterwards freely at the firſt ſurface, to make the rings 
of colours which appear by reflexion; and by the freedom of its 
egreſs, makes the colours of theſe rings more vivid and ſtrong) 
than thoſe which appear on the other ſide of the plates, by the 
tranſmitted light. The reflected rays are therefore in fits of eaſy 
Tranſmiſſion at their egreſs; which would not always happen, 


if the intervals of the fits within the plate, alder reflexion, Were 
1 not 
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not equal both in length and number to their intervals before it. and 


And this confirms alſo the proportions ſet down in the former 
propoſition. For if the rays, both in going in and out at the firſt 
ſur face, be in fits of eaſy Tranſmiſſion, and the intervals and num- 
bers of thoſe fits between the firſt and ſecond ſurface, before and 
after reflexion, be equal; the diſtances of the fits of eaſy Tranſ- 
miſſion from either ſurface muſt be in the ſame progreſſion after 
reflexion as before; that is, from the Firſt ſurface which tranſ- 
mitted them, in the progreſſion of the Even numbers o, 2, 4, 
6, 8, &c: and from the Second which reflected them, in that of 
the Odd numbers 1, 3, 5, 7, &c. But theſe two. Propoſitions 
will become much more evident by the Obſervations in the fol- 
lowing part of this Book.. 


THE 


Reflexion. 
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Reflexion and 
Colours 


SECOND BOOK 
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Ob/ervations concerning the Reflexions.and Colours of thick tranſpa- 
tent poliſhed Plates. 


HERE is no glaſs or ſpeculum, how well ſoever poliſhed, 
but, beſides the light which it refracts or reflects regular- 
ly, ſcatters every way irregularly a faint light; by means of which 
the poliſhed ſurface, when illuminated in a dark room by a beam 
of the ſun's light, may be eaſily ſeen in all poſitions of the eye. 
There are certain phænomena of this ſcattered light, which when 
1 firtt obſerved them, ſeemed very ſtrange and ſurpriſing to me. 
My Obſervations were as follows. 
OZ/. 1. The ſun ſhining into my darkened chamber, through 
a hole one-third of an inch wide, I let the intromitted beam of 
light fall perpendicularly upon a glaſs-ſpeculum, ground concave 
on one ſide and convex on the other, to a ſphere of five feet and 
eleven inches radius, and quick-filvered over on the convex fide. 
And holding a white opake chart or a quire of paper, at the 
center of the ſpheres to which the ſpeculum was ground, that 15, 


at the diſtance of about five feet and eleven inches from the ſpe- 


culum, in ſuch manner, that the beam of light might pals 
5 through 
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through a little hole made in the middle of the chart to the ſpe- 
culum, and thence be reflected back to the fame hole: I obſerved 
upon the chart four or five concentric riſes, or rings of colours, 
like rainbows, encompaſſing the hole; much after the manner 
that thoſe, which in the fourth and following Obſervations of the 
firſt Part of the third () Book appeared between the object- 
glaſſes, encompaſſed the Black ſpot, but yet larger and fainter 
than thoſe. Theſe rings, as they grew larger and larger, be- 
came diluter and fainter, ſo that the fifth was ſcarce viſible. Vet 
ſometimes, when the ſun ſhone very clear, there appeared faint 
lineaments of a ſixth and ſeventh, If the diſtance of the chart 
from the ſpeculum was much greater or much leſs than that of 
ſix feet, the rings became dilute and vaniſhed. And if the diſ- 
tance of the ſpeculum from the window was much greater than 
that of ſix feet, the reflected beam of light would be ſo broad 
at the diſtance of ſix feet from the ſpeculum, where the rings 
appeared, as to obſcure one or two of the innermoſt rings. And 
therefore I uſually placed the ſpeculum at about fix feet from the 
window; ſo that its focus might there fall in with the center of 
its concavity, at the rings upon the chart. And this poſture is 
always to be underſtood in the following Obſervations where no 
other is expreſſed. | 

00, 2. The colours of theſe rainbows ſucceeded one another 
from the center outwards, in the ſame form and order, with 
thoſe which were made in the ninth Obſervation of the firſt Part 
of this Book by light not reflected, but tranſmitted through the 
two object-glaſſes. For, firſt, there was in their common center 
a White round ſpot of faint light, ſomething broader than the 
reflected beam of light ; which beam ſometimes fell upon the 
middle of the ſpot, and ſometimes, by a little inclination of the 
ſpeculum, receded from the middle, and left the ſpot white to 
the center. 

This White ſpot was immediately encompaſſed with a dark 
Grey or Ruſſet, and that dark Grey with the colours of the firſt 
iris; which colours, on the inſide next the dark Grey, were a 
little Violet and Indigo, and next to that a Blue, which on the 


; C) —— third.) Read ſecond. 
Vox. IV. B b Outſide 


of thick tranſ- 
patent Plates. 


Refixionand outſide grew pale; and then ſucceeded a little greeniſh Yellow: 
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and after that a brighter Yellow ; and then, on the outward edge 
of the iris, a Red, which on the outſide inclined to Purple. 
This iris was immediately encompaſſed with a ſecond ; whoſt 
colours were in order from the inſide outwards, Purple, Blue, 
Green, Yellow, light Red, a Red mixed with Purple. 
Then immediately followed the colours of the third iris; which 
were in order outwards a Green inclining to Purple, a good _ 
and a Red more bright than that of the former iris. 
The fourth and fifth iris ſeemed of a blueiſh Green within, 
and Red without; but ſo faintly that it was difficult to diſcern the 
colours. 
007%. 3. Meaſuring the diameters of theſe rings upon the chart, 
as accurately as I could, I found them alſo in the fame propor- 
tion to one another with the rings made by light tranſmitted 
through the two object-glaſs. For the diameters of the four firſt 
of the bright rings, meaſured between the brighteſt parts of thei 
_ orbits, at the diſtance of ſix feet from the ſpeculum, were 175 
23, 275 33 inches; whoſe ſquares are in arithmetical progreſſion 
of the numbers 1, 2, 3, 4. If the White circular ſpot in the 
middle be reckoned amongſt the rings, and its central light, where 
it ſeems to be moſt luminous, be put equipollent to an infinitely 
little ring ; the ſquares of the diameters of the. rings will be in 
the progreſſion o, 1, 2, 3, 4, &c. I meaſured alſo the diameters 
of the dark circles between theſe luminous ones; and found the 
ſquares in the progreſſion of the numbers 2, 14, 22, 35, 8c. the 
diameters of the firſt four, at the diſtance of ſix feet from the 
ſpeculum, being 155 2:5, 25, 43; (5) inches. If the diſtance of 
the chart from the ſpeculum was increaſed or diminiſhed, the 
diameters of the circles were increaſed or diminiſhed propor- 
tionally. 

Ob/. 4. By the analogy between theſe rings and thaſe deſcribe! 
in the Obſervations of the firſt Part of this Book, I ſuſpected that 
there were many more of them which ſpread into one anothe;; 
and by interfering mixed their colours, and diluted one another 
fo that they could not be ſeen apart. I viewed them therefor 
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through a priſm, as I did thoſe in the 24th Obſervation of the ef sek naa. 
Gr& Part of this Book. And when the priſm was ſo placed as, 
by refracting the light of their mixed colours, to ſeparate them, 
and diſtinguiſh the rings from one another, as it did thoſe in that 
Obſervation ; I could then fee them diſtincter than before, and 
eaſily number eight or nine of them, and ſometimes twelve or 
thirteen, And had not their light been fo very faint, I queſtion 
not but that I might have ſeen many more. Le RES 
04/. 5. Placing a priſm at the window to refra&t the intromit- 
ted beam of light, and caſt the oblong ſpectrum of colours on 
the ſpeculum : I covered the ſpeculum with a black paper, which 
had in the middle of it a hole to let any one of the colours paſs 
| through to the ſpeculum, whilſt the reft were intercepted by the 
paper. And now I found rings of that colour only, Which fell 
upon the ſpeculum. If the ſpeculum was illuminated with Red, 
the rings were totally Red with dark intervals; if with Blue, 
they were totally Blue, and ſo of the other colours. And when 
they were illuminated with any one colour, the ſquares of their 
diameters, meaſured between their moſt luminous parts, were in 
the arithmetical progreſſion of the numbers o, 1, 2, 3, 4; and 
the ſquares of the diameters of their dark intervals, in the pro- 
greſſion of the intermediate numbers 2, Iz, 27, 31. But if the 
colour was varied, they varied their magnitude. In the Red, they 
were largeſt; in the Indigo and Violet, leaſt; and in the interme- 
_ date colours, Yellow, Green and Blue, they were of ſeveral in- 
termediate bigneſſes anſwering to the colour; that is, greater in 
| Yellow than in Green, and greater in Green than in Blue. Ane 
hence I knew, that when the ſpeculum was illuminated with White 
| light, the Red and Yellow, on the outſide of the rings, were 
| produced by the leaſt refrangible rays, and the Blue and Violet 
by the moſt refrangible ; and that the colours of each ring ſpread 
into the colours of the neighbouring rings on either fide, after the 
manner explained in the firſt and ſecond Part of this Book ; and, 
by mixing, diluted one another ſo that they could not be diſtin- 
Suiſhed; unleſs near the center, where they were leaſt mixed, For 
in this Obſervation I could ſee the rings more diſtinctly, and to a 
greater number than before; being able in the Yellow light to 
— LS number 
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Reflexion and Humber eight or nine of them, beſides a An ſhadowof a temk 


Colours 


To fatisfy myſelf how much the colours of the ſeveral ring 


ſpread into one another, I meaſured the diameters of the ſecong 
and third rings; and found them, when made by the' confine of 
the Red and Orange, to be to the ſame diameters, when made by 


the confine of Blue and Indigo, as ꝙ to 8, or thereabouts. For it 
was hard to determine this proportion accurately. Alſo the cir- 
cles made ſucceſſively by the Red, Yellow and Green, differed 


more from one another than thoſe made ſucceſſively by the Green, 
Blue and Indigo. For the circte made by the Violet was too dark 
to be ſeen. To carry on the computation, let us therefore ſup- 
poſe, that the differences of the diameters of the circles made by 
the utmoſt Red, the confine of Red and Orange, the confine of 
Orange and Yellow, the confine of Yellow and Green, the con- 
fine of Green and Blue, the confine of Blue and Indigo, the con- 
fine of Indigo and Violet, and outmoſt Violet, are in proportion 
as the differences of the lengths of a monochord which ſound 
the tones in an eight; /, la, fa, ſol, la, mi, fa, ſol, that is, as the 

numbers 5, z, 7555 355 2 75 7 And if the diameter of the 


> + by 
circle made by the confine of Red and Orange be 9a, and thatof 


the circle made by the confine of Blue and Indigo be 84, as above; 


their difference, 9A - 84, will be to the difference of the diame- 
ters of the circle made * an wes meg Red, and by the confine 


of Red and Orange as +7; Ti to 5, that is as 2) to 3, or 
8 to 3; and to the difference of Bs, circles made by the outmoſt 


Violet, and by the confine of Blue and Indigo as 15 T T2115 
to 2 + A» that is, as > to 5 or as 16 to 8. And therefore theſe 


differences wilt be 3A and v * Add the firſt to ga, and ſubduct 


the laſt from 8a, and mw will have the diameters of the circles 


made by the leaſt and moſt refrangible rays, ; a and LA. Theſe 
dliameters are therefore to one another as 75 to 612, or 50 to 41; 
and their ſquares as 2 500 to 1681, that is, as 3 to 2 very near- 


ly. Which proportion differs not much from the proportion of 
the diameters of the circles made by the outmoſt Red and out- 


moſt Violet, in the 1 3th Obſervation of the firſt Part of this Book. 


OS. 6. Placing my eye where theſe rings appeared plaineſt, I 
faw the ſpeculum. tinged all over with waves of. colours (Red, Yel= 


3 5 


low, 
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low, Green, Blue); like thoſe which, in the Obſervations of the ofthick tranſ. 
6rit Part of this Book, appeared between the object-glaſſes and Pen * 
upon bubbles of water, but much larger. And after the man- 
ner of thoſe, they were of various magnitudes in various poſi- 
| tions of the eye; ſwelling and ſhrinking as I moved my eye this 
way and that way. They were formed like arcs of concentrick 
circles, as thoſe were; and when my eye was over againſt the cen- 
ter of the concavity of the ſpeculum (that is, 5 feet and 10 inches 
diſtant from the ſpeculum) their common center was in a right 
line with that center of concavity, and with the hole in the win- 
dow. But in other poſtures of my eye their center had other 
poſitions. They appeared by the light of the clouds, propagated 
to the ſpeculum through the hole in the window; and when the 
ſun ſhone through that hole upon the ſpeculum, his light upon. 
it was of the colour of the ring whereon it fell; but, by its ſplen- 
dor, obſcured the rings made by the light of the clouds, unleſs: 
when the ſpeculum was removed to a great diſtance from the win- 
dow, ſo that his light upon it might be broad and faint. By va- 
rying the poſition' of my eye, and moving it nearer to or farther 
from the direct beam of the ſun's light, the colour of the ſun's 
reflected light conſtantly varied upon the ſpeculum, as it did upon. 
my eye; the ſame colour always appearing to a by-ſtander upon. 
my eye, which to me appeared upon the ſpeculum. And thence. 
| knew, that the rings of colours upon the chart were made by . 
theſe reflected colours, propagated thither from the ſpeculum in, 
ſeveral angles; and that their production depended not upon the: 
termination of light and ſhadow. 
0% 7. By the analogy of all theſe phenomena with thoſe of 
the like rings of colours deſcribed. in the firſt Part of this Book; 
it ſeemed to me, that theſe colours were produced by this thick 
Plate of glaſs, much after the manner that thoſe were produced 
by very thin plates. For, upon trial, I found that if the quick- 
hlver were rubbed of from the backſide of the ſpeculum, the: 
laſs alone would cauſe the fame rings of colours; but much more 
taint than before: and therefore the phenomenon depends not 
upon the quick-ſilver, unleſs ſo far as the quick-filver, by in- 
Ceaſing the reflexion of the backſide of the glaſs, increaſes the, 
| light. 
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Reflexion and light of the rings of colours. I found alſo that a ſpeculum of 
metal without glaſs, made ſome years ſince for optical uſes, and 
very well wrought, produced none of thoſe rings; and thence | 
underſtood that theſe rings ariſe not from one ſpecular ſurface 
alone, but depend upon the two ſurfaces of the plate of glag 
whereof the ſpeculum was made, and upon the thickneſs of the 
glaſs between them. For, as in the 7th and 19th Obſervations 
of the firſt Part of this Book, a thin plate of air, water or glaſs, 
of an even thickneſs, appeared of one colour, when the rays 
were perpendicular to it; of another, when they were a little ob- 
lique; of another, when more oblique; of another, when ſtill 
more oblique, and ſo on: ſo here, in the ſixth Obſervation, the 
light, which emerged. out of the glaſs in ſeveral obliquities, made 
the glaſs appear of ſeveral colours; and being propagated in thoſe 
obliquities to the chart, there painted rings of thoſe colours, 
And as the reaſon why a thin plate appeared of ſeveral colours in 
ſeveral obliquities of the rays, was, that.the rays of one and the 
ſame ſort are reflected by the thin plate at one obliquity, and 
tranſmitted at another; and thoſe of other ſorts tranſmitted where 
theſe are reflected, and reflected where theſe are tranſmitted : fo 
the reaſon why the thick plate of glaſs, whereof the ſpeculum 
was made, did appear of various colours in various obliquities, 
and in thoſe obliquities propagated thoſe colours to the chart, was, 
that the rays of one and the ſame fort did, at one obliquity, 
emerge out of the glaſs; at another, did not emerge, but were 
reflected back towards the quick-filver by the hither ſurface of 
the glaſs : and, accordingly as the obliquity became greater and 
greater, emerged and were reflected alternately for many ſuc- 
ceſſions; and that in one and the ſame obliquity the rays of one 
ſort were reflected, and thoſe of another tranſmitted, This 1 
manifeſt by the fifth Obſervation of this Part of this Book. For 
in that Obſervation, when the ſpeculum was illuminated by any 
one of the Priſmatick Colours, that light made many rings of 
the ſame colour upon the chart with dark intervals; and there- 
fore, at its emergence out of the ſpeculum, was alternately tranſ- 
mitted and not tranſmitted from the ſpeculum to the chart for 


many ſucceſſions, according to the various obliquities of its emerg- 
ence. 
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fore; by the 19th Propoſition of the third Part of this Book.. 


certain obliquities, be in fits of eaſy Reflexion, and return back ts: 
the quick-ſilver; and, in other intermediate obliquities, be again in 


ence. And when the colour caſt on the ae by the priſm of thick tranf. 


| was varied, the rings became of the colour caſt on it, and varied Went F=s. 


their bigneſs with their colour ; and therefore the light was now 
alternately tranſmitted and not tranſmitted, from the ſpeculum 


do the chart, at other obliquities than before. It ſeemed to me 


therefore, that theſe rings were of one and the ſame original 

with thoſe of thin plates; but yet with this difference, that thoſe 

of thin plates are made by the alternate reflexions and tranſmiſ- 

fions of the rays at the ſecond ſurface of the plate, after one paſ- 

ſage through it; but here, the rays go twice through the plate, be- 

fore they are alternately reflected and tranſmitted. Firſt, they go 

through it from the firſt ſurface. to the quick- ſilver; and then 

return through it from the quick-filver to the firſt ſurface; and 

there are either tranſmitted to the chart, or reflected back to the 
quick-ſilver, accordingly as they are in their fits of eaſy Reflexion 

or Tranſmiſſion, when they arrive at that ſurface. For the in- 

tervals of the fits of the rays, which fall perpendicularly on the 
ſpeculum and are reflected back in the ſame perpendicular lines, 

by reaſon of the equality of theſe angles and lines, are of the | 
ſame length and number within the glaſs after reflexion,. as be- | 


And therefore, ſince all the rays that enter through the firſt ſur- 
face are in their fits of eaſy Traſmiſſion at their entrance; and as 
many of theſe as are reflected by the ſecond, are in their fits of 
eaſy Reflexion there; all theſe muſt be again in their fits of eaſy 
Tranſmiſſion at their return to the firſt; and by conſequence there 
go out of the glaſs to the chart, and form upon it the White ſpot 
of light in the center of the rings. For the reaſon holds good: 
in all forts of rays, and therefore all forts muſt go out promiſcu- 
oully to that ſpot, and by their mixture cauſe it to be White.. But 
the intervals of the fits of thoſe rays, which are reflected more 
obliquely than they enter, muſt be greater after reflexion than 
before, by the 15th and 20th Propoſitions. And hence it may 
happen that the rays, at their return to the finſt ſurface, may, in 


fus ol * Traſmiſſion, and ſo go out to the chart, and paint on 
it 
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| Reftexion and it the rings of colours about the White ſpot. And becavſe the 
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intervals of the fits, at equal obliquities, are greater and fewer in 
the leſs refrangible rays, and leſs and more numerous in the more 
refrangible; therefore the leſs refrangible, at equal obliquities, ſha} 
make fewer rings than the more refrangible; and the rings made 
by thoſe ſhall be larger than the like number of rings made hy 
theſe ; that is, the Red rings ſhall be larger than the Yellow, the 
Yellow than the Green, the Green than the Blue, and the Blue 
than the Violet; as they were really found to be in the fifth Ob- 
ſervation. And therefore the firſt ring, of all colours encompaſ- 
ſing the White ſpot of light, ſhall be Red without any Violet 
within, and Yellow and Green and Blue in the middle, as it was 
found in the ſecond Obſervation ; and theſe colours in the ſecond 
ring, and thoſe that follow, ſhall be more expanded, till they 
ſpread into one another, and blend one another by interfering. 
Theſe ſeem to be the reaſons of theſe rings in general; and 
this put me upon obſerving the Thickneſs of the glaſs, and con- 
ſidering whether the dimenſions and proportions of the rings may 
be truly derived from it by computation. _ 
O#/. 8. I meaſured therefore the thickneſs of this concavo- 
convex plate of glaſs, and found it every where + of an inch pre- 
ciſely. Now, by the ſixth Obſervation of the firſt Part of this 
Book, a thin plate of air tranſmits the brighteſt light of the Firſt 
ring, that is the bright Yellow, when its thickneſs is the eth 
part of an inch; and by the tenth Obſervation of the ſame Part, 
a thin plate of glaſs tranſmits the ſame light of the ſame ring, 
when its thickneſs is leſs in proportion of the ſine of refraction 
to the ſine of incidence; that is, when its thickneſs is the Ei 
Or 75555546Þh part of an inch, ſuppoſing the ſines are as 11 to 17. 
And if this thickneſs be doubled, it tranſmits the ſame bright 
light of the Second ring; if tripled, it tranſmits that of the 
Third, and ſo on; the bright Yellow light in all theſe caſes be- 
ing in its fits of Tranſmiffion. And therefore if its thickneſs be 
multiplied 34386 times, ſo as to become 3 of an inch, it tranſ- 
mits the ſame bright light of the 343 86th ring. Suppoſe this 
be the bright Yellow light, tranſmitted perpendicularly from the 


reflecting convex fide of the glaſs through the concave Wy 
the 
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the White ſpot in the center of the rings of colours on the chart: of thickiran<" 
and by a rule in the 7th and 19th Obſervations in the firſt Part!“ Fiates. 
of this Book, and by the 1 5th and 2oth Propoſitions of the third 
Part of this Book, it the rays be made oblique to the glaſs, the 
thickneſs of the glaſs requiſite to tranſmit the ſame bright light 
of the ſame ring, in any obliquity, is to this thickneſs of 2 of 
an inch, as the ſecant of a certain angle to the radius; the ſine 
of which angle 1s the firſt of an hundred and fix arithmetical 
means between the fines of incidence and refraction, counted 
from the ſine of incidence, when the refraction is made out of 
any plated body into any medium encompaſling it, that is, in this 
caſe, out of glaſs into air. Now if the thickneſs of the glaſs be 
increaſed by degrees, ſo as to bear to its firſt thickneſs (viz. that 
of a quarter of an inch) the proportions which 34386 (the num 
ber of fits of the Perpendicular rays in going through the glaſs 
towards the White ſpot in the center of the rings) hath to 3438 5, 
34384, 34383 and 34382 (the numbers of the fits of the Ob- 
lique rays in going through the glaſs towards the firſt, ſecond, 
third and fourth rings of colours). And if the firſt thickneſs be di- - 
vided into Xo0000000 equal parts, the increaſed thickneſſes will 
be 100002908, 100005816, 100008725 and 100011633 
and the angles, of which theſe thickneſſes are ſecants, will be 
260 13% 37' 5”, 45/6” and 52/20”, the radius being 100000000; 
and the fines of theſe angles are 762, 1079, 1321 and 1525; 
and the proportional ſines of refraction 1172, 1659, 2031 and 
2345, the radius being 100000. For ſince the fines of inci- 
dence, out of glaſs into air, are to the ſines of refraction as I r 
to 17; and to the above-mentioned ſecants, as Ir to the firſt of 
106 arithmetical means between 11 and 17, that is, as II to 
11;3z3 thoſe ſecants will be to the ſines of refraction, as 11+; to 
I7, and by this analogy will give theſe ſines. So then if the ob- 
liquities of the rays to the concave ſurface of the glaſs be ſuch, 
that the ſines of their refraction, in paſſing out of the glaſs 
through that ſurface into the air, be 1172, 1659, 2031, 2343, 
the bright light of the 343 86th ring ſhall emerge at the thick- 
neſſes of the glaſs which are to + of an inch, as 343 86 to 34385, 
34384, 34383, 34382, reſpectively, And therefore if the 
Vol. IV. Cc thickneſs 
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Reflexion and thickneſs in all theſe caſes be ; of an inch (as it is in the glaſs of 


Colours 


which the ſpeculum was made) the bright Tight of the 3438ct 
ring ſhall emerge where the fine of refraction is 1172; and that 
of the 34384th, 3438 3d and 34382d ring, where the ſine is 
1659, 2031 and 2345 reſpectively. And in theſe angles of re- 
fraction the light of theſe rings ſhall be propagated from the ſpe. 
culum to the chart; and there paint rings about the white central 
round ſpot of light, which we ſaid was the light of the 34386th 
ring. And the ſemi-diameters of theſe rings ſhall ſubtend the 
angles of refraction made at the concave ſurface of the ſpeculum; 
and by conſequence their diameters ſhall be to the diſtance of the 
chart from the ſpeculum, as thoſe ſines of refraction doubled are 
to the radius; that is, as 1172, 1659, 2031, and 2345, dou- 
bled, are to 100000. And therefore if the diſtance of the chart 
from the concave ſurface of the ſpeculum be fix. feet (as it was in 
the third of theſe Obſervations): the diameters of the rings of this 
bright Yellow light upon the chart ſhall be 1'688, 2'389, 2925, 
3'375 inches. For theſe diameters are to ſix feet, as the above- 
mentioned fines doubles are to the radius. Now theſe diameters 
of the bright Yellow rings, thus. found by computation, are the 
very ſame with thoſe found in the third of theſe Obſervations by 


meaſuring them, viz. with 155, 23, 255, and 33 inches; and: 


therefore the theory of deriving theſe rings from. the Thickneſs 


of the plate of glaſs, of which the ſpeculum was made, and from 


the obliquity of the emerging rays, agrees with the Obſervation. 


In this computation I have equalled the diameters of the bright 
rings made by light of all colours, to the diameters of the rings 
made by the bright Yellow. For this Yellow makes the brighteſt 
part of the rings of all colours. If you deſire the diameters of 


tae rings made by the light of any other unmixed colour, you 


may find them readily, by putting them to the diameters of the 
bright Yellow ones in a ſubduphcate proportion of the intervals 
of the fits of the rays of thoſe colours, when equally inclined 
to the refracting or reflecting ſurface, which cauſed thoſe fits; 
that is, by putting the diameters of the rings made by the rays 
in the extremities and limits of the ſeven colours, Red, Orange, 
Yellow, Green, Blue, Indigo, Violet, proportional to the cube- 

2 roots 


If 
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roots of the numbers rx, 5 35 4 3 „ & 2 Which expreſs the of ibick fan. 
Jengths of a monochord ſounding the notes in an eighth: for by Ty 
this means the diameters of the rings of theſe colours will be 
found pretty nearly in the ſame proportion to one another, which 
they ought to have by the fifth of theſe Obſervations. 4 
And thus I ſatisfied myſelf that theſe rings were of the ſame 
kind and original with thoſe of thin plates; and by conſequence 
that the fits, or alternate diſpoſitions of the rays to be reflected 
and tranſmitted, are propagated to great diſtances from every re- 
fleting and refracting ſurface. But yet to put the matter out of 
doubt, I added the following Obſervation. 
0%. 9. If theſe rings thus depend on the Thickneſs of the | # 
plate of glaſs, their diameters at equal diſtances from ſeveral ſpe- | | 
culums, made of ſuch concavo-convex plates of glaſs as are 
ground on the ſame ſphere, ought to be reciprocally in a ſubdu- 
plicate proportion of the Thickneſſes of the plates of glaſs. And 
if this proportion be found true by experience, it will amount to 
a demonſtration, that theſe rings, like thoſe formed in thin plates, 
do depend on the Thickneſs of the glaſs. I procured therefore 
another concavo-convex plate of glaſs, ground on both ſides to 
the ſame ſphere with the former plate, Its thickneſs was + parts 
| of an inch; and the diameters of the three firſt bright rings, 
meaſured between the brighteſt parts of their orbits at the diſ- 
tance of ſix feet from the glaſs, were 3. 4g. 53. inches, Now 
the thickneſs of the other glaſs, being + of an inch, was to the 
thickneſs of this glaſs as 4 to +; that is, 28 235 © 10, or 
310000000 to 100000000; and the roots of theſe numbers 
are 17607 and 10000; and in the proportion of the firſt of theſe 
roots to the ſecond, are the diameters of the bright rings made 
in this Obſervation by the thinner glaſs, 3. 4+. 5, to the diame- 
ters of the ſame ring made in the third of theſe Obſervations by 
the thicker glaſs, Is. 23. 2553 that is, the diameters of the rings 
are reciprocally in a ſabduplicate proportion of the Thickneſſes 
of the plates of glaſs. _ 
So then in Plates of glaſs which are alike concave on one fide, 
and alike convex on the other ſide, and alike quick-ſilvered on 
the convex ſides, and differ in nothing but their Thickneſs; the 
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2 diameters of the rings are reciprocally in a ſubduplicate propor- 
ours 


tion of the Thickneſſes of the plates. And this ſhews ſuffici. 


They depend on both ſurfaces, and on the diſtances between 


of their colours, is ſuch as ought to reſult from the Propoſitions 


the beam of the Incident light, and the beam of the Reflected 


GS Þ TL a KR Boox ll. 


ently, that the rings depend on both the ſurfaces of the glaſs, 
They depend on the Convex ſurface, becauſe they are more lu- 
minous when that ſurface is-quick-filvered over, than when it is 
without. quick-ſilver. They depend alſo upon the Concave ſur- 
face, becauſe without that ſurface a ſpeculum makes them not. 


them, becauſe their bigneſs is varied by varying only that dif- 
tance. And this dependence is of the ſame kind with that, which 
the colours of thin plates have on the diſtance of the ſurfaces of 
thoſe plates, becauſe the bigneſs of the rings, and their propor- 
tion to one another, and the variation of their bigneſs ariſing 
from the variation of the Thickneſs of the glaſs, and the Orders 


in the end of the third Part of this Book, derived from the phæ- 
nomena of the colours of thin plates ſet down in the firſt Part. 

There are yet other phænomena of theſe rings of colours, 
but ſuch as follow from the ſame Propoſitions, and therefore con- 
firm both the truth of thoſe Propoſitions, and the analogy be- 
tween theſe rings and the rings of colours made by very thin 
Plates. I ſhall ſubjoin ſome of them. 

O#/. 10. When the beam of the ſun's light was reflected back 
from the ſpeculum not directly to the hole in the window, but 
to a place a little diſtant from it, the common center of that ſpot, 
and of all the rings of colours fell in the middle way between 


light; and by conſequence in the center of the fpherical concaviy 
of the ſpeculum; whenever the chart, on which the rings of co- 
lours fell, was placed at that center. And as the beam of Re- 
flected light, by inclining the ſpeculum, receded more and more 
from the beam of Incident light, and from the common center 
of the coloured rings between them; thoſe rings grew bigger and 
bigger, and ſo alſo did the White round ſpot; and new rings of 

colours emerged ſucceſſively out of their common center, and the 
white ſpot became a white ring encompaſſing them; and the In- 


cident and Reflected beams of light always fell upon the oppo- 
ſite 


PART IV. V 197 
ſite parts of this white ring, illuminating its perimeter like two 9 
mock ſuns in the oppoſite parts of an iris. So then the diame- f 
ter of this ring, meaſured from the middle of its light on one 

Gde to the middle of its light on the other fide, was always equal 
to the diſtance between the middle of the Incident beam of light, 

and the middle of the Reflected beam, meaſured at the chart on 

which the rings appeared: and the rays, which formed this ring, 

were reflected by the ſpeculum in angles equal to their angles of. 
incidence, and by conſequence to their angles of refraction. at: 

their entrance into the glaſs; but yet their angles of reflexion: 

were not in the ſame planes with their angles of incidence. 

04/. TI. The colours of the new rings were in a contrary or- 
der to thoſe of the former, and aroſe: after this manner. The 
white round ſpot of light in the middle of the rings continued. 
white to the center, till the diſtance of the incident and reflected 
beams at the chart was about ; parts of an inch, and then it be- 
gan to grow dark in the middle. And when that diſtance was 
about 13; of an inch, the white ſpot was become a ring, encom- 
paſſing a dark round ſpot, which in the middle inclined ' to Violet 

| and Indigo. And the luminous rings encompaſſing it were grown 
equal to thoſe dark ones, which in the four firft Obſervations en- 
compaſſed them; that is to ſay, the white ſpot was grown a white 

ring equal to the firſt of thoſe dark rings; and the firſt of thoſe 
luminous rings was now grown equal to the ſecond of thoſe dark 
ones, and the ſecond of thoſe luminous ones to the third of thoſe 
dark ones, and ſo on. For the diameters of the luminous rings- 
were now Is. 2575. 23, 3555 &C. inches. | 

| When the diſtance between the incident and reflected beams of. 

light became a little bigger, there emerged out of the middle of. 

the dark ſpot, after the Indigo, a Blue; and then out of that Blue, 

a pale Green; and ſoon after a Yellow and Red. And when the 
Colour at the center was brighteſt. being between Yellow and 
Red, the bright rings were grown equal to thoſe rings which in 
the four firſt Obſervations next encompaſſed them; that is to 
lay, the white ſpot in the middle of thoſe rings was now become 
a white ring equal to the firſt of thoſe bright rings; and the firſt: 
of thoſe bright ones was now come equal to the ſecond of thoſe, 

and: 


Reflexion and and ſo on. For thezglianteters of the white ring, and of the 


* other luminous rings eacompatliing it, were now I++ 
&C., or thereabouts. 

When the diſtance ok. tha two beams of light at the chart 
was a little more increaſed, there emerged out of the middle in 
order after the Red, a Purple, a Blue, a Green, a Yellow, and a 
Red inchning much to Purple; and when the colour was bright- 
ett, being between Yellow and Red, the former Indigo, Blue, 
Green, Yellow and Red, were become an iris, or ring of colours, 
equal to the firſt of thoſe luminous rings which appeared in the 
four firſt Obſervations; and the White ring, which was now be- 
come the ſecond of the luminous rings, was grown equal to the 
ſecond of thoſe ; and the firſt of thoſe, which was now become 
the third ring, was become W to the third of thoſe; and ſo 
on. For their diameters were 1, 24, 275 35 inches, the dif- 
tance of the two beams of light, and the diameter of the white 
ring being 23 inches. 

When theſe two beams became more diſtant, there emerged 
out of the middle of the purpliſh Red, firſt a darker round ſpot; 
and then, out of the middle of that ſpot, a brighter. And now 
the former colours (Purple, Blue, Green, Yellow, and purpliſh 
Red) were become a ring equal to the firſt of the bright rings 
mentioned in the four firſt Obſervations ; and the rings about 
This ring were grown equal to the rings about That reſpectively; 
the diſtance between the two beams of light and the diameter of 
the white ring, which was-now become the third ring, being about 

3 inches. | | 

The colours of the rings in the middle began now to grow very 
dilute, and if the diſtance between the two beams was increaſed 
half an inch or an inch more, they vaniſhed ; whilſt the White 
ring, with one or two of the rings next it on either ſide, conti- 

nued ſtill viſible. But if the diſtance of the two beams of light 
was {till more increaſed, theſe alſo vaniſhed : for the light which, 
.coming from ſeveral parts of the hole in the window, fell upon 
the ſpeculum in ſeveral angles of incidence, made rings of ſeve- 
ral bigneſſes, which diluted and blotted out one another, as! 
knew by intercepting ſome part of that light. For if LIN 
ceptec 


3 It 
765 27 8 2 355 
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cepted that part which was neareſt to the axis of the ſpeculum, of thick ant. 
parent Place. 


the rings would be leſs ; if the other part, which was remoteſt 
from it, they would be bigger. 

O05/ 1.2. When the colours of the priſm were caſt ſucceſſively 
on the ſpeculum, that ring, which in the two laſt Obſervations: 
was White, was of the ſame bigneſs in all the colours ;. but the 
rings without it were greater in the Green than in the Blue, and. 


{till greater in the Yellow, and greateſt in the Red. And, on 


the contrary, the rings within that White circle were leſs in the 
Green than in the Blue, and ſtill leſs in the Yellow, and leaſt in 


the Red. For the angles of reflexion of thoſe rays which made 


this ring, being equal to their angles of incidence, the fits of 
every reflected ray, within the glaſs after reflexion, are equal in 
length and number to their fits of the ſame ray, within the glaſs 


before its incidence on the reflecting. ſurface. And therefore 


ſince all the rays of all ſorts, at their entrance into the glaſs, 
were in a fit of Tranſmiſſion, they were alſo in a fit of Trant- 
miſſion: at their returning to the ſame ſurface after reflexion; and: 
by conſequence were tranſmitted, and went out to the White ring 
on the chart. This is the reaſon why that ring was of the ſame 
higneſs in all the colours, and why ina mixture of all it appears 
White. But in rays which are reflected in other angles, the in- 
terval of the fits of the leaſt refrangible, being greateſt, make 
the rings of their colour, in their progreſs from this White ring: 
either outwards or inwards, increaſe or decreaſe by the greateſt 
ſteps; ſo that the rings of this colour without are greateſt, and- 
within leaſt. And this is the reaſon why, in the laſt Obſerva-- 
tion, when the ſpeculum was illuminated with White light, the. 
Exterior rings, made by all colours, appeared Red without and Blue: 
within; and the interior, Blue without and Red within. | 
Theſe are the phenomena of thick convexo-concave plates of. 
glaſs, which are every where of the fame thickneſs. There are 
Jet other phenomena, when theſe plates are a little thicker on; 
ane fide than on the other; and others when the plates are more 
ar leſs concave than convex, or plano-convex, or double-convex.. 
For in all theſe caſes the plates make rings of colours, but after: 
various manners; all which, fo far. as I have yet obſerved, fol- 
low. 
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Reflexionand IU from the Propoſitions in the end of the third Part of this 


Colours 


Book, and ſo conſpire to confirm the truth of thoſe Propdſitions, 
But the phenomena are too various, and the calculations, where. 
by they follow from thoſe Propoſitions, too intricate to be here 
proſecuted. I content myſelf with having proſecuted this king 
of phenomena ſo far as to diſcover their cauſe, and by diſcover. 
ing it, to ratify the-Propoſitions in the third Part of this Book. 
Of. 13. As light reflected by a lens, quick-ſilvered on the 
backſide, makes the rings of colours above deſcribed, ſo it ought 


to make the like rings of colours in paſſing through a drop of 


water. At the firſt reflexion of the rays within the drop, ſome 
colours ought to be tranſmitted, as in the caſe of a lens, and 
others to be reflected back to the eye. For inſtance, if the dia- 
meter of a ſmall drop or globule of water be about the 500th 
part of an inch, 1o that a Red-making ray, in paſſing through 
the middle of this globule, has 250 fits of eaſy Tranſmiſſion 
within the globule, and that all the Red-making rays, which are 
at a certain diſtance from this middle ray round about it, have 
249 fits within the globule, and all the like rays, at a certain 
farther diſtance round about it, have 248 fits, and all thoſe at a 
certain farther diſtance 247 fits, and ſo on; theſe concentrick 


circles of rays, after their tranſmiſſion, falling on a white paper, 
will make concentrick rings of Red upon the paper, ſuppoſing 
the light which paſſes through one ſingle globule, ſtrong enough 


to be ſenſible. And, in like manner, the rays of other colours 
will make rings of other colours. Suppoſe now that in a fair 
day the ſun ſhines through a thin cloud of ſuch globules of wa- 
ter or hail, and that the globules are all of the ſame bigneſs; 
and the ſun, ſeen through this cloud, ſhall appear encompaſſed 
with the like concentrick rings of colours; and the diameter of 
the firſt ring of Red ſhall be 7+ degrees; that of the ſecond, 10; 
degrees; that of the third, 1 2 degrees 33 minutes. And accord- 
ingly as the globules of water are bigger or leſs, the rings ſhall 
be leſs or bigger. This is the Theory, and experience anſwers 


it. For in June 1692 I ſaw by reflexion, in a veſſel of ſtag- 


nating water, three halos, crowns, or rings of colours about the 
ſun, like three little rain-bows, concentrick to his body. The 
| colours 
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pale Red without, and Green in the middle. And thoſe of the 
Third were pale Blue within, and pale Red without. Theſe 
crowns encloſed one another immediately, ſo that their colours 
proceeded in this continual order from the ſun outward : Blue, 
White, Red ; Purple, Blue, Green ; pale Yellow and Red; pale 
Blue, pale Red. The diameter of the Second crown, meaſured 


the middle of the ſame colour on the other ſide, was 9; degrees, 
or thereahouts. The diameters of the Firſt and Third I had not 
time to meaſure ; but that of the Firſt ſeemed to be about five or 
fix degrees, and that of the Third about twelve.. The like crowns 


year 1664, Feb. 19th at night, I ſaw two ſuch crowns about her. 


grees, and that of the Second about five degrees and an half. 
Next about the moon was a circle of White, and next about that 
the inner crown; which was of a Blueiſh Green within next the 
White, and of a Yellow and Red without : and next about theſe 
colours were Blue and Green on the inſide of the outward crown, 
and Red on the outſide of it. At the ſame time there appeared 
a halo about 22 degrees 350 diſtant from the center of the moon. 
It was Elliptical, and its long diameter was perpendicular to the 
horizon, verging below fartheſt from the moon. I am told that 


lours, encompaſſing one another, next about her body. The more 
equal the globules of water or ice are to one another, the more 
crowns of colours will appear, and the colours will be the more 
lively. The halo, at the diſtance of 22+ degrees from the moon, 
is of another ſort. By its being Oval and remoter from the 
Moon below than above, I conclude, that it was made by refrac- 
tion, in ſome ſort of hail or ſnow floating in the air in an hori- 


zontal poſture; the Refracting angle being about 58 or 60 de- 
frees, 


colours of the Firſt or innermoſt crown were Blue next the Sun, Hales 


encircling the 


Red without, and White in the middle between the Blue and Red. Sun and 
Thoſe of the Second crown were Purple and Blue within, and Moos. 


from the middle of the Yellow and Red on one ſide of the Sun to 


appear ſometimes about the moon: for in the beginning of the 


The diameter of the Firſt, or innermoſt, was about three de- 


the moon has ſometimes three or more concentrick crowns of co- 
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Obſervations concerning the Inflexions of the Rays of Light, and 
the Colours made thereby. | 


IRT MAI. DO has informed us, that if a beam of the ſun's 
flight be let into a dark room through a very ſmall hole, the 


ſhadows of things, in this light, will be larger than they ought to 
be, if the rays went on by the bodies in ſtrait lines; and that 


theſe ſhadows have three parallel fringes, bands or ranks, of co- 
loured light adjacent to them. But if the hole be enlarged, the 
fringes grow broad, and run into one another, ſo that they can- 
not be diſtinguiſhed. Theſe broad thadows and fringes have 
been reckoned by ſome to proceed from the ordinary refraction 
of the air, but without due examination of the matter. For the 
circumſtances of the phenomenon, ſo far as I have obſerved 

them, are as follows. | 
OZ/. 1, I made in a piece of lead a ſmall hole with a pin, whoſe 
breadth was the 42d part of an inch : for 2x of thoſe pins laid 
together took up the breadth of half an inch. Through this 
hole, 


E | 203 
hole, I let into my darkened chamber a beam of the ſums light ; Rays of | 
and found that the ſhadows of hairs, threads, pins, ſtraws, and 
ſuch like ſlender ſubſtances, placed in this beam of light, were \ 
conſiderably broader than they ought to be, if the rays of light bl 
paſſed on by theſe bodies in right lines. And particularly a hair | N 1 
of a man's head, whoſe breadth was but the 280th part of an 4308 
inch, being held in this light, at the diſtance of about twelve 4h 
feet from the hole, did caſt a thadow, which, at the diſtance of four 1100 
inches from the hair, was the ſixtieth part of an inch broad; that j 0 
is, above four times broader than the hair: and at the diſtance of 15 
two feet from the hair, was about the eight and twentieth part of ill 
an inch broad; that is, ten times broader than the hair: and at 450 
the diſtance of ten feet, was an eighth part of an inch broad; A 
that is, 35 times broader. Ye 
: Nor is it material whether the hair be encompaſſed with air, 10 
or with any other pellucid ſubſtance. For I wetted a poliſhed 1. 
. plate of glaſs, and laid the hair in the water upon the glaſs; and i Ty 
then laying another poliſhed plate of glaſs upon it, ſo that the 179 
water might fill up the ſpace between the glaſſes, I held them in Li 
1 the aforeſaid beam of light, ſo that the light might paſs through A \ 
them perpendicularly, and the ſhadow of the hair was, at the 1 
ſame diſtances, as big as before. The ſhadows of ſcratches, 81 
made in poliſhed plates of glaſs, were alſo much broader than f 3 
they ought to be; and the veins in poliſhed plates of glaſs, did | | : 
' alſo caſt the like broad ſhadows. And therefore the great breadth _ 1 
i of theſe ſhadows proceeds from ſome other cauſe, than the refrac- 1 h A 
5 tion of the air. 4 
: Let the circle x {in g. I.] repreſent the middle of the hair; f 5 
8 Abd, BEH, CF1, three rays, paſling by one ſide of the hair at ſe- 1 
; veral diſtances; KNA, LOR, MPs, three other rays, paſſing by i 0 
3 the other ſide of the hair at the like diſtances; D, E, Pp, and N, 1. 
: o, r, the places where the rays are bent in their paſſage by the il 
l hair ; 6, H, I and Q, R, s, the places where the rays fall on a y 
| paper O; is the breadth of the ſhadow of the hair caſt on the ; 
paper; and T1, vs, two rays paſſing to the points 1 and s with- 
: out bending, when the hair is taken away. And it is manifeſt 
| that all the light between theſe two rays, T1 and Vs, is bent in 
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paſſing by the hair, and turned aſide from the ſhadow IS 3 be- 
cauſe if any part of this light were not bent, it would fall on the 
paper within the ſhadow, and there illuminate the paper, con- 


trary to experience. And becauſe when the paper is at a great 


diſtance from the hair, the ſhadow is broad, and therefore the 
rays, TI and vs, are at a great diſtance from one another, it fol. 
lows that the hair acts upon the rays of light at a good diſtance 
in their paſſing by it. But the action is ſtrongeſt on the rays, 


which paſs by atleaſt diſtances; and grows weaker and weaker, 
accordingly as the rays paſs by at diſtances greater and greater, 


as is repreſented in the ſcheme : for thence it comes to pals, that 


the ſhadow of the hair is much broader, in proportion to the dif- 


tance of the paper from the hair, when the paper is nearer the 
hair, than when ic is at a great diſtance from it. 


Ob/. 2. The ſhadows of all bodies (metals, {tones, glaſs, wood, 


horn, ice, 8c.) in this light were bordered with three parallel 
fringes or bands of coloured light; whereof that which was 


contiguous to the ſhadow was broadeſt and moſt luminous; and 


that which was remoteſt from it was narroweſt; and ſo faint, as 
not eaſily to be viſible. It was difhcult to diſtinguiſh the colours, 


unleſs when the light fell very obliquely upon a ſmooth paper, 


or ſome other ſmooth white body ; ſo as to make them appear 


much broader, than they would otherwiſe do. And then the co- 


tours were plainly viſible in this order: the Firſt or innermoſt 
fringe was Violet and deep Blue next the ſhadow ; and then light 
Blue, Green and Yellow in the middle, and Red without. The 
Second fringe was almoſt contiguous to the firit, and the Third 
to the ſecond; and both were Blue within the Yellow, and Red 
without; but their colours were very faint, eſpecially thoſe of the 


third. The colours therefore proceeded in this order from the 
thadow ; Violet, Indigo, pale Blue, Green, Yellow, Red ; Blue, 


Yellow, Red; pale Blue, pale Yellow and Red. The ſhadows, 
made by ſcratches and bubbles in poliſhed plates of glaſs, were 
bordered with the like fringes of coloured light. And if plates 
of looking-glaſs, ſloped off near the edges with a diamond-cut, be 


held in the ſame beam of light; the light, whicl: paſſes through 


the parallel planes of the glaſs, will be bordered with the like 
1 fringes 


cut; and by this means there will ſometimes appear four or five 
fringes of colours. Let AB, cp ſin Ag. 2. ] repreſent the parallel 
planes of a looking-glaſs, and BD the plane of the diamond- cut. 
making at B a very obtuſe angle with the plane AB. And let all 
the light, between the rays ENI and FBM, paſs directly through the 
parallel planes of the glaſs, and fall upon the paper between x 
and M; and all the light between the rays Go and Hp be refracted 
by the oblique plane of the diamond-cut BD, and fall upon the 
paper between K and L; and the light which paſſes directly 
through the parallel planes of the glaſs, and falls upon the pa- 
per between 1 and M, will be bordered with three or more > fringes. 
at M, 
So by looking on the ſun through a feather or black ribband: 
held cloſe to the eye, ſeveral rain-bows will appear ; the ſha- 
dows, which the fibres or threads caſt on the Tunica Retina, be- 
ing bordered with the like fringes of colours. 
0% 3. When the hair was twelve feet diſtant from this hole, 
and its ſhadow fell obliquely upon a flat white fcale of inches and 
parts of an inch, -placed half a foot beyond it, and alſo when the 
ſhadow fell perpendicularly upon the ſame ſcale, placed nine 
feet beyond it ; I meaſured the breadth of the ſhadow and fringes. 
as accurately as I could, and found them! in parts of an inch. as. 
follows. 


At 


Light. 
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[rhe breadth of the ſhadow ts | 3 | = | 9h -_ Wy : 
] Che breadth between the dee of the bilchtelt en 5 the — Lak FH 
fringes on either ſide the ſhadow TT. TT || iy bs ; 
[The breadth between the middles of the brightek liphte of the middlemof _ 1 1 
g fringes on either fide the ſhadow | | 23 17 
[The breadth between the middles of the brignteſt nent of the outmoſl x Ur . 
2 fringes on either ſide the ſhadow | . 3 n 
| The diſtance between the middles of the | light of the firſt a and b * 
| ſecond fringes | | | 3 . zT | 
[The diſtance between the middles of the brighteſt light of the ſecond aid R N 3 
1 third fringes 5 TT | 
Ihe breadth of the part (Green, White, Yellow and Red) ) of : LD 
the firſt fringe | | | | > PM IT | 
The breadth of the darker — between che firſt and | ſecond nge = 21 11 * | 
| Che breadth of the luminous part of the ſecond fringe i | 150 „ 
IThe breadth of the ker = between th ſecond and third. (fringes * 5 1&4 


Theſe meaſures I took, by letting the ſhadow of the hair, at 
half a foot diſtance, fall ſo obhquely on the ſcale, as to appear 
twelve times broader, than when it fell perpendicularly on it at the 
{ame diſtance, and ſetting down in this Table the twelfth part of 


the meaſures I then took. 


Oz/. 4. When the ſhadow and fringes were caſt obliquely upon 
a {ſmooth white body, and that body was removed farther and far- 
ther trom the hair, the Firſt fringe began to appear, and look 
brighter than the reſt of the light, at the diſtance of leſs than 2 
quarter of an inch from the hair; and the dark line, or ſhadow, 
between that and the Second fringe, began to appear at a leſs diſ- 
tance from the hair than that of the third part of an inch. The 
Second fringe began to appear, at a diſtance from the hair of leſs 
than half an inch; and the ſhadow between that and the third 
fringe, at a diſtance leſs than an inch; and the Third fringe, ata 
diitance leſs than three inches. At greater diſtances they became 
much more ſenſible, but kept very nearly the ſame proportion 
of their breadths and intervals, which they had at their firſt ap- 


pearing. For the diſtance between the middle of the Firſt and 
the 


the middle of the be * was to the Ae between the Rays of 


ight. 


middle of the Second and middle of the Third fringe, as three 
to two, or ten to ſeven. And the laſt of theſe two diſtances was 
equal to the breadth of the bright light or luminous part of the 
Firſt fringe, And this breadth was to the breadth of the bright 
"Heht of the Second fringe as ſeven to four; and to the dark in- 
terval of the Firſt and Second fringe as three to two; and to the 
like dark interval between the Secand and Third, as two to one. 
For the breadths of the fringes ſeemed to be in the progreſſion of 
the numbers I, V4, Vg, and their intervals to be in the ſame 
progreſſion with them; that is, the fringes and their intervals 
together to be in the continual progreſſion of the numbers 1, V, 
W. V V or thereabouts. And theſe proportions held the 
ſame, very nearly, at all diſtances from the hair; the dark inter- 
vals of the fringes being as broad, in proportion to the breadth of 
the fringes, at their firft appearance, as afterwards at great diſtances 
from the hair, though not fo dark and diſtinct. 

Of, 5. The ſun ſhining into my darkened chamber, through 
a hole a quarter of an inch broad; ] placed at the diſtance of two 
or three feet from the hole a ſheet of paite-board, which was 
blackened all over on both ſides, and in the middle of it had a 
hole, about three quarters of an inch fquare, for the light to paſs 
through, And behind the hole I faſtened to the paſte-board 
with pitch the blade of a ſharp knife, to intercept ſome part of 
the light, which paſſed through the hole. The planes of the paſte- 
board and blade of the knife were parallel to one another, and 
perpendicular to the rays. And when they were ſo placed, that 
none of the ſun's light fell on the paſteboard, but all of it paſſed 
through the hole to the knife, and there part of it fell upon the 
blade of the knite, and part of it paſſed by its edge: 1 let this 
part of the light, which paſſed by, fall on a white paper two or 
three feet beyond the kaife ; and there {aw two ſtreams of faint 
light ſhoot out both ways from the beam of light into the ha- 
dow, like the tails of comets. But becauſe the ſun's direct light, 
by its brightness upon the paper, obſcured theſe faint fireams, 10 
that could ſcarce ſee them: I made a little hole in the mulit of 
the paper, for that light to paſs through, and fall on a black cloth 
behind 
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an inch, or half an inch; and in all its progreſs from that dir 
light decreaſed gradually, till it became inſenſible. The by 


GG © TI | V i 8 Book III. 
behind it; and then I ſaw the two ſtreams plainly. They were 
like one another, and pretty nearly equal in length and breadth, 


and quantity of light. Their light, at that end next the ſa 
direct light, was pretty ſtrong for the ſpace of about a quarter of 


E 


length of either of theſe ſtreams, meaſured upon the Paper at 
the diſtance of three feet from the knife, was about ſix or eight 


inches; ſo that it ſubtended an angle, at the edge of the knife, 


of about xo or 12, or at moſt 14 degrees. Yet ſometimes ! 


thought I ſaw it ſhoot three or four degrees farther ; but with a 


light ſo very faint that I could ſcarce perceive it, and ſuſpected it 
might (in ſome meaſure at leaſt) ariſe from ſome other cauſe, than 
the two ſtreams did. For placing my eye in that light, beyond 
the end of that ſtream which was behind the knife, and looking 


towards the knife, I could ſee a line of light upon its edge; and 


that not-only when my eye was in the line of the ſtreams, but 
alſo when it was without that line, either towards the point of 
the knife, or towards the handle. This line of light appeared 


contiguous to the edge of the knife, and was narrower than the 


light of the innermoſt fringe, and narroweſt when my eye was 
fartheſt from the direct light ; and therefore ſeemed to paſs be- 
tween the light of that fringe and the edge of the knife; and 


that which paſſed neareſt the edge, to be . bent, though not 


alt-of k. 


O%. 6 I placed e knife by this, 0 that their edges 
might be parallel, and look towards one another; and that the 
beam of light might fall upon both the knives, and ſome part of 
it paſs between their edges. And when the diſtance of their 
edges was about the 40oth part of an inch, the ſtream parted in 
the middle, and left a ſhadow between the two parts. This ſha- 
dow was ſo black and dark, that all the light which paſſed be- 
tween the knives {ſeemed to be bent, and turned aſide to the .0nc 
hand or to the other. And as the knives till approached one an- 
ther, the ſhadow grew broader, and the ſtreams ſhorter at their 
inward ends which were next the ſhadow, until, upon the on 

. | ta 


F 


tat of the knives, the whole light vaniſhed, leaving its place to Rays of 


the ſhadow. 
And hence I gather, that the light which is leaſt bent, and 
goes to the inward ends of the ſtreams, paſſes by the edges of the 
nives at the greateſt diſtance; and this diſtance, when the ſha- 
455 begins to appear between the ſtreams, is about the 8ooth 
part of an inch. And the light, which paſſes by the edges of 
the knives at diſtances ſtill leſs and leſs, is more and more bent, 
and goes to thoſe parts of the ſtreams which are farther and far- 
ther from the direct light; becauſe when the knives approach 
one another till they touch, thoſe parts of the ſtreams vanith laſt, 
which are fartheſt from the direct light. 
©/. 7. In the fifth Obſervation the fringes did not appear; 
but, by reaſon of the breadth of the hole in the window, be- 
came ſo broad as to run into one another, and, by joining, to 
make one continued light in the beginning of the ſtreams. But 
in the ſixth, as the knives approached one another, a little before 
the ſhadow appeared between the two ſtreams, the fringes began 
to appear on the inner ends of the ſtreams on either fide of the 
direct light; three on one ſide, made by the edge of one knife; 
and three on the other ſide, made by the edge of the other knife. 
They were diſtincteſt, when the knives were placed at the great- 
eſt diſtance from the hole in the window; and till became more 
diſtinct, by making the hole leſs ; inſomuch that I could ſome- 
times ſee a faint lineament of a fourth fringe, beyond the three 
above-mentioned. And as the knives continually approached one 
another, the fringes grew diſtincter and larger, until they va- 
mihed, The outmoſt fringe vaniſhed firſt, and the middlemoſt 
next, and the innermoſt laſt. And after they were all vanithed, 
and the line of light which was in the middle between them was 
grown very broad, enlarging itſelf on both ſides into the ſtreams 
of light deſcribed in the fifth Obſervation; the above-mentioned 
adow began to appear in the middle of this line, and divide it 
along the middle into two lines of light, and increaſed until the 
whole light vaniſhed, This enlargement of the fringes was ſo 
reat, that the rays, which go to the innermoſt fringe, {ſeemed to 
Vol. IV. E & be 
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Inflecion be bent above twenty times more when, this fringe was ready to 
TOO vaniſh, than when one of the knives was taken away. 

And from this and the former Obſervation compared, I ga- 
ther, that the light of the Firſt fringe paſſed by the edge of the 
knife, at a diſtance greater than the 8ooth part of an inch; and. 

the light of the Second fringe paſſed by the edge of the knife, at 
a greater diſtance than the light of the firſt fringe did; and that 
of the Third, at a greater diſtance than that of the ſecond; and 
that of the ſtreams of light, deſcribed in the fifth and ſixth Ob- 
ſervations, paſſed by the edges of the knives at leſs diſtances than 
that of any of the fringes. | 

O-/. 8. I cauſed the edges of two knives to be ground truly 
ſtraitz and pricking their points into a board, ſo that their edges. 
might look towards one another, and, meeting near their points, 
contain a rectilinear angle; I faſtened their handles together with 
pitch, to make this angle invariable. The diſtance of the edges 
of the knives from one another, at the diſtance of four inches 
from the angular point, where the edges of the knives met, was 
the eighth part of an inch; and therefore the angle, contained by 
the edges, was about 1 degree 54'. The knives, thus fixed toge- 
ther, I placed in a beam of the ſun's light, let into my darkened 
chamber through a hole the 42d part of an inch wide, at the 
diſtance of 10 or 15 feet from the hole; and let the light, which 
paſſed between their edges, fall very obliquely upon a {ſmooth 
white ruler at the diſtance of half an inch, or an inch, from the 
knives; and there ſaw the fringes, made by the two edges of tne 
knives, run along the edges of the ſhadows of the knives, in lines 
parallel to thoſe edges, without growing ſenſibly broader; till they 
met in angles equal to the angle contained by the edges of the 
knives; and where they met and joined, they ended without crol- 
ſing one another. But if the ruler was held at a much greater 
diſtance from the knives, the fringes, where they were farther 
from the place of their meeting, were a little narrower, and be- 
came ſomething broader and broader, as they approached nearer 
and nearer to.one another; and after they met they croſſed one 
another, and then became much broader than before. 


W hence 


J 


by the knives, are not increaſed nor altered by the approach of the 
knives; but the angles, in which the rays are there bent, are 
much increaſed by that approach; and that the knife, which is 
neareſt any ray, determines which way the ray ſhall be bent, and 
dhe other knife increaſes the bent. 

0%/%. 9. When the rays fell very obliquely upon the ruler, at 
the diſtance of the third part of an inch from the knives ; the 


dark line between the firſt and ſecond fringe of the ſhadow of one 
knife, and the dark line between the firſt and ſecond fringe of 
the ſhadow of the other knife, met with one another at the dif- 


tance of the fifth part of an inch from the end of the light, 
which paſſed between the knives at the concourſe of their edges. 
And therefore the diſtance of the edges of the knives, at the 


meeting of theſe dark lines, was the 160th part of an inch. 


For as four inches to the eighth part of an inch, ſo is any length 


of the edges of the knives, meaſured from the point of their 
concourſe, to the diſtance of the edges of the knives at the end 


of that length; and ſo is the fifth part of an inch to the 160th 
part. So then the dark lines above-mentioned meet in the mid- 
dle of the light, which paſſes between the knives, where they 


are diſtant the 160th part of an inch; and the one half of that 


light paſſes by the edge of one knife, at a diſtance not greater 
than the 320th part of an inch, and, falling upon the paper, makes 
the fringes of the ſhadow of that knife; and the other half 
paſſes by the edge of the other knife, at a diſtance not greater 
than the 320th part of an inch, and, falling upon the paper, 
makes the fringes of the ſhadow of the other knife. But if the 
paper be held at a diſtance from the knives greater than the third 
part of an inch, the dark lines above-mentioned meet at a greater 
diſtance than the fifth part of an inch from the end of the light, 
Which paſſed between the knives at the concourſe of their edges; 
and therefore the light, which falls upon the paper where thoſe 
dark lines meet, paſſes between the knives, where their edges are 

diſtant above the 160th part of an inch. 
For at another time, when the two knives were diſtant eight feet 
and five inches from the little hole in the window, made with a 
ZEA {mall 
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Whence I cather, that the diſtances, at which the fringes paſs Rays of 
ight. 
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Inflexion 
of the 


the aforeſaid dark lines met, paſſed between the knives, where 


the paper parallel to the edges of the knives, and between which 
all the light would fall, if it paſſed between the edges of the 


of the knives, the dark line between the firſt and ſecond fringes 


1 
1 2 


r Book III. 
ſmall pin as above; the light which fell upon the paper, where 


the diſtance between their edges was as in the following Table, 
when the diſtance of the paper from the knives was alſo as follows. 


[Diſtances of the Paper from Diſtance between the edges off 
the Knives in Inches. the Knives in millefimal| 
parts of an Inch. 


14. o'o12 
Fo 0'020 
82, 0'034 
32. ö | o'05G7 
_ oo 
131 | o'087 


n 


And hence I gather that the light, which makes the fringes 
upon the paper, is not the ſame light at all diſtances of the paper 
from the knives; but when the paper is held near the knives, the 
fringes are made by light, which paſſes by the edges of the knives 
at a leſs diſtance, and is more bent, than when the paper is held 
at a greater diſtance from the knives. 

O%/. 10. When the fringes of the ſhadows of the knives fell 
perpendicularly upon a paper, at a great diſtance from the knives, 
they were in the form of hyperbolas, and their dimenſions were 
as follows. Let ca, c; [in g. 3.] repreſent lines drawn upon 


knives without refiexion ; DE, a right line drawn through c, 
making the angles acp, BCE, equal to one another, and termi- 
nating all the light, which falls upon the paper from the point 
where the edges of the knives meet; eis, „t, and g/v, three hy- 
perbolical lines, repreſenting the zer minus of the ſhadow of one 


of that ſhadow, and the dark line between the ſecond and third 
fringes of the ſame ſhadow; x#p, y&q and xlr, three other hyper- 
bolical lines, repreſenting the ferminus of the ſhadow of the other 
knite, the dark line between the firſt and ſecond fringes of that 
ſhadow, and the dark line between the ſecond and third fringes 
of the ſame ſhadow. And conceive that theſe three hyperbolas 


are like and equal to the former three; and croſs them in the 
points 


. 
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ints 1, & and J; and that the ſhadows of the knives are termi- Rays of 


nated, and diſtinguiſhed from the firſt luminous fringes, by the 
lines eis and æip, until the meeting and crofling of the fringes ; 
and then thoſe lines croſs the fringes in the form of dark lines, 
terminating the firſt luminous fringes within fide, and diſtinguiſh- 


ing them from another light, which begins to appear at , and 


illuminates all the triangular ſpace, /ÞDEs, comprehended by theſe 
dark lines, and the right line Dx. Of theſe hyperbolas one 
aſymptote is the line DE, and the other aſymptotes are parallel to 
the lines ca,and 3. Let rv repreſent a line, drawn any where 
upon the paper, parallel to the aſymptote DE; and let this line 
croſs the right lines ac in n, and BC in , and the fix dark hy- 
perbolical lines in p, 9, 7; J, l, v; and by meaſuring the diſtances 
þs, qt, rv, and thence collecting the lengths of the ordinates , 


Li aht. 


n, ur, or ms, int, mo; and doing this at ſeveral diſtances of the 


line rv from the aſymptote pz; you may find as many points of 
theſe hyperbolas as you pleaſe, and thereby know that theſe curve 
lines are hyperbolas differing little from the Conical hyperbola. 
And by meaſuring the lines cz, ch, c you .may find other points 
of theſe curves. 

For inſtance, when the knives were diſtant from the hole in 
the window ten feet, and the paper from the knives nine feet, 
and the angle contained by the edges of the knives, to which the 
angle ACB is equal, was ſubtended by a chord which was to the 
radius as 1 to 32, and the diſtance of the line v from the aſymp- 
tote DE was half an inch: 1 meaſured the lines ps, 97, w, and 
tound them 0'35, 0'65, 0'98 inches reſpectively; and by adding 
to their halfs the line 2 (which here was the 128th part of an 
inch, or 0'0078 inches) the ſums, np, ud, ur, were 0'1828, 
03328, 0/4978 inches. I meaſured alſo the diſtances of the 
brighteſt parts of the fringes, which run between pg and qt, qr 
and u, and next beyond 7 and v, and found them 0's, 0's, and 
117 inches. 

C/. 11. The ſun ſhining into my darkened room, through a 
ſmall round hole made in a plate of lead with a ſlender pin as 
above; I placed at the hole a priſm to refract the light, and form 
on the oppoſite wall the ſpectrum of colours, deſcribed in the 

| third 


1 
9 
| 
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Inflexion 
of the 


third Experiment of the firſt Book. And then I found that the 


ſhadows of all bodies, held in the coloured light between the 
priſm and the wall, were bordered with fringes of the colour of 
that light, in which they were held. In the full Red light they 
were totally Red, without any ſenſible Blue or Violet; and in the 
deep Blue light they were totally Blue, without any ſenſible Req 
or Yellow ; and ſo in the Green light they were totally Green, 
excepting a little Yellow and Blue, which were mixed in the 
Green light of the priſm. And comparing the fringes made in 
the ſeveral coloured lights, I found that thoſe made in the Red 
light were largeſt, thoſe made in the Violet were leaſt, and thoſe 
made in the Green were of a middle bigneſs. For the fringes 


with which the ſhadow of a man's hair were bordered, being 


meaſured croſs the ſhadow, at the diſtance of 11x inches from 


the hair; the diſtance, between the middle and moſt luminous 


part of the Firit or innermoſt fringe on one ſide of the ſhadow, 
and that of the like fange on the other ſide of the ſhadow, was, 


in the full Red light,, — of an inch; and, in the full Violet, - To 


And the like diſtance, besen the middle and moſt luminous parts 
of the Second tringes on either ſide the ſhadow, was, in the full 
Red light, Z-; and, in the Violet, = of an inch. And theſe dil- 
tances of the fringes held the ſame proportion, at all diſtances 
from the hair, without any ſenſible variation. 
So then the rays, which made theſe fringes in the Red light, 
paſſed by the hair at a greater diſtance, than thoſe did which 
made the like fringes in the Violet; and therefore the hair, in 


cauſing theſe fringes, acted alike upon the Red light, or leaſt re- 


frangible rays, at a greater diſtance, and upon the Violet, or mot 
refrangible rays, at a leſs diſtance; and by thoſe actions diſpoſed 
the Red light into larger fringes, and the Violet into ſmaller, and 
the lights of intermediate colours into fringes of intermediate 
bigneſſes, without changing the colour of any fort of light. 
When therefore the hair, in the firſt and ſecond of theſe Ob- 
ſervations, was held in the white beam of the Sun's light, and 
caſt a ſhadow, which was bordered with three fringes of coloured 
light; thoſe colours aroſe not from any new Modifications im- 


preſſed upon the rays of light by the hair; but anz from the va- 
rious 
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WF 


rious Inflexions, 


. 


from one another, which before ſeparation, by the mixture of all 
their colours, compoſed the white beam of the ſun's light; but 


whenever ſeparated compoſe lights of the ſeveral colours, which 


they are originally diſpoſed to exhibit. In this 11th Obſerva- 
tion, where the colours are ſeparated before the light paſſes by 
the hair, the leaſt refrangible rays, which when ſeparated from 


the reſt make Red, were inflected at a greater diſtance from the 


hair; ſo as to make three Red fringes at a greater diſtance from 
the middle of the ſhadow of the hair : and the moſt refrangible 
rays, which when ſeparated make Violet, were inflected at a leſs 


diſtance from the hair; ſo as to make three Violet fringes, at a 


leſs diſtance from the middle of the ſhadow of the hair: and 
other rays, of intermediate degrees of refrangibility, were in- 


fected at intermediate diſtances from the hair; ſo as to make 


fringes of intermediate colours, at intermediate diſtances from 
the middle of the thadow of the hair. And in the ſecond Ob- 
ſervation, where all the colours are mixed in the white light 
which paſſes by the hair, theſe colours are ſeparated by the va- 


rious Inflexions of the rays; and the fringes, which they make, 
appear all together; and the Innermoſt fringes, being contiguous, 


make one broad fringe compoſed of all the colours in due order; 
tne Violet lying on the inſide of the fringe next the ſhadow ; the 
Red, on the outfide fartheſt from the ſhadow; and the Blue, Green 


and Yellow, in the middle. And, in like manner, the middle-- 
molt fringes of all the colours lying in order, and being contigu- 


08s, make another broad fringe compoſed of all the colours; and 
the outmoſt fringes of all the colours lying in order, and being 
contiguous, make a third broad fringe compoſed of all the colours. 
Theſe are the three fringes of coloured light, with which the 
adows of all bodies are bordered in the Social Obſervation. 
When I made the foregoing Obſervations, I I defigned to repeat 
moſt of them with more care and exactneſs; and to make ſome 
new ones, for determining the manner how the rays of light are 
bent in their paſſage by bod ies, for making the fringes of colours 
with the dark lines betwc=:1 them. But I was then interrupted, 
and cannot now think of taking theſe things into faither conſi- 
7 deration. 


whereby the ſeveral ſorts of rays were ſeparated Rays of 
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deration. And ſince I have not finiſhed this part of my deſign, 


I ſhall conclude with propoſing only ſome Queries, in order to 3 
farther ſearch to be made by others. 


Query 1. Do not bodies act upon light at a diſtance; and by 


their action bend its rays; and is not this action (c@zeris paribus) 


ſtrongeſt at the leaſt diſtance ? 


24. 2, Do not the rays which differ in refrangibility differ alſo 
in flexibility; and are they not by their different inflexions ſepa- 


rated from one another, ſo as after ſeparation to make the colours 


in the three fringes above deſcribed ? And after what manner are 
they inflected to make thoſe fringes ? 

24. 3. Are not the rays of light, in paſſing by the edges and 
ſides of bodies, bent ſeveral times backwards and forwards, with 
a motion like that of an eel? And do not the three fringes of 
coloured light above-mentioned, ariſe from three ſuch bendings? 

22. 4. Do not the rays of light, which fall upon bodies and 
are reflected or refracted, begin to bend before they arrive at the 
bodies; and are they not Reflected, Refracted and Inflected by 


one and the ſame principle, acting varioully 1 in various circum- 
{tances ? 


24. 5. Do not bodies and light act mutually upon one another; 


that is to jay, bodies upon light in emitting, reflecting, retracting 
and inflecting it; and light upon bodies, for heating them, and 
putting their parts into a vibrating motion, wherein heat conſiſts! 


+224. 6. Do not Black bodies conceive heat more eaſily from 


light than thoſe of other colours do, by reaſon that the light 


falling on them is not reflected outwards ; but enters the bodies, 


and is often reflected and refracted within them, until it be ſtifled 
and loſt ? p 


- 24.7. Is not the ſtrength and vigour of the action between 


light and Sulphureous bodies obſerved above, one reaſon why 


Sulphureous bodies take fire more readily, and burn more vehe- 
mently, than other bodies do ? 
We 


0 their Parts] Nothing of what follows of this eighth Query was in the firſt Edit me 
From the words Aud do not all bodies, to the words Oil of anniſeeds, was added (with ſome im 


variety noted below) in the firſt Latin edition of Dr. Clarke. And the remaining part firit : * 
pe 


2 Ga wA PA . . 


th. 


SS © T 1 6 © 


N. 8. Do not all Fixed bodies, when heated beyond a certain 
degree, emit light and ſhine; and is not this emiſſion performed 
by the vibrating motions of their Parts (a). And do not all bo- 
dies, which abound with Terreſtrial parts, and eſpecially with 
Sulphureous ones, emit light, as often as thoſe Parts are ſuffici- 
ently agitated ; whether that agitation be made by heat, or by 
friction, or percuſſion, or putrefaction, or by any vital motion, 
or any other cauſe ? As for inſtance ; ſea water in a raging ſtorm; 
quick-ſilver agitated in Yacuo ; the back of a cat, or neck of a 
horſe obliquely ſtruck or rubbed in a dark place; wood, fleſh and 
fiſh, while they putrefy; vapours, ariſing from putrefied waters, 
uſually called Tones Fatui ; ſtacks of moiſt hay, or corn, grow- 
ing hot by fermentation ; glow-worms, and the eyes of ſome 
animals, by vital motions (b); the vulgar Phoſphorus (©) agitated 
by the attrition of any body, or by the Acid particles of the air ; 
ambar (d), and ſome diamonds by ſtriking, preſſing or rubbing 
them; ſcrapings of ſteel, ſtruck off with a flint; iron, hammer- 
el very nimbly till it become ſo hot as to kindle ſulphur thrown 
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Query vin. 
Of the emiſ- 


ſion of Light 
by heated 
bodies. 


upon it; the axle-trees of chariots taking fire by the rapid rota- 


tion of the wheels; and ſome liquors mixed with one another, 


whoſe particles come together with an impetus, as oil of vitriol 


diſtilled from its weight of nitre, and then mixed with twice its 
weight of oil of anniſeeds. So alſo a globe of glaſs about 8 or 
10 inches in diameter, being put into a frame where it may be 
ſwiftly turned round its axis, will in turning ſhine, where it rubs 
againit the palm of one's hand applied to it : and if at the ſame 
time a piece of white paper, or a white cloth, or the end of one's 


finger, be held at the diſtance of about a quarter of an inch, or 


half an inch, from that part of the glaſs where it is molt in mo- 
tion, the Electrick vapour, which is excited by the friction of the 
glaſs againit the hand, will, by daſhing againf the white paper, 
cloth or fin ger, be put into ſuch an agitation as to emit light; and 
make the white paper, cloth or finger, appear lucid like a glow- 
peared in the ſecond Engliſh edition. 


1 Y . . JT . N « 
60 — Clow-wworms—by vital motions.) Not in Dr. Clarke's firſt Latin. 


8 J Fbaſpboras.] Phoſphorus Bononienſis, radiis luminis agitatus; Phoſphorus vulgaris, 
c. Dr. Clarke's firſt Latin, | 


( Ambar,) Not in Dr. Clarke's firſt Latin, | 


218 


Queries 


* 


Of the form 
of Fire. 


—0of Flame. 


rotted wood ſhining without heat and burning coals of fire? In. 
diſtilling hot ſpirits, if the head of the ſtill be taken off, the va- 
pour, which aſcends out of the ſtill, will take fire at the flame of. 
a candle, and turn into flame, and the flame will run along the 
vapour from the candle to the ſtill. Some bodies heated by mo- 
tion or fermentation, if the heat grow intenſe, fume copiouſly; 


S437 32 Book III. 
worm; and in ruſhing out of the glaſs, will ſometimes pug 


againſt the finger ſo as to be felt. And the ſame things haye 
been found by r: abbing a long and large cylinder of glaſs or am. 


bar with a.paper held in one's hand, and continuing the Friction 


till the glaſs grew warm. 


Qu. O. Is not Fire a body heated ſo hot, as to emit light copi- 
ouſly ? For what elſe is a red hot iron than fire? And what elſe 


is a burning coal than red hot wood ?. 


974, 10. Is not Flame a vapour, fume or earn heated red 
hot, that is, ſo hot as to ſhine? For bodies do not flame without 


emitting a copious fume, and this fume burns in the flame. The 
Ignis Fatuus is a vapour ſhining without heat; and is there not 
the ſame difference between this vapour and flame, as between 


and if the heat be great enough, the fumes will ſhine, and be- 


come flame. Metals in fuſion do not flame for want of a copious 
fume, except ſpelter, which fumes copioutly, and thereby flames. 


All flaming bodies, as oil, .tallow, wax, wood, foffil coals, pitch, 


ſulphur, by flaming waſte and vaniſh into burning ſmoke; which 
ſmoke, if the flame be put out, is very thick and viſible, and 


ſometimes ſmells firongly, but in the flame loſes its ſmell by 
burning; and, according to the nature of the ſmoke, the flame 


is of ſeveral. colours; as that of ſulphur, blue; that of copper 


opened with ſublimate, green; that of tallow, yellow ; that of cam- 


phire, white (e). Smoke paſſing through flame cannot but grow. 
red hot; and red hot ſmoke can have no other appearance than 
that of flame (f). When gun-powder takes fire, it goes away 


into flaming ſmoke. For the charcoal and ſulphur eaſily take 
fire, 


(©). at of Campbire <xhite,] Not in the ſirſt edition. 4; 
() ame. ] What follows of this 10th Query was not in the firſt edition, but appeate in 
the firſt Latin of Dr. Clarke, 


) — which ariſe from them, ] What follows of this 1 ith Query was not in the firſt — 


8 


1 


fire, and ſet fire to the nitre; and the ſpirit of the nitre being ques 
thereby rarified into vapour, ruſhes out with exploſion much af- 


ter the manner that the vapour of water ruſhes out of an æoli- 
pile; the ſulphur alſo, being volatile, is converted into vapour, 
and augments the exploſion. And the Acid vapour of the ſul- 
phur (namely, that Which diſtills under a bell into oil of ſulphur) 
entering violently into the Fixed body of the nitre, ſets looſe the 
ſpirit of the nitre, and excites a greater fermentation; whereby 
the heat is farther augmented, and the fixed body of the nitre 


zs alſo rarified into fume, and the exploſion is thereby made more 


vchement and quick. For if ſalt of Tartar be mixed with gun- 
powder, and that mixture be warmed till it takes fire ; the ex- 
potion will be more violent and quick than that of gun-powder 
alone: which cannot proceed from any other caute than the ac- 
tion of the vapour of the gun- powder upon the ſalt of tartar, 
whereby. that ſalt is rarified. The exploſion of gun-powder ariſes 
therefore from the violent action, whereby all the mixture, being 
quickly and vehemently heated, is rarified and converted into 
fume and vapour : which vapour, by the violence of that ac- 
tion, becoming ſo hot as to ſhine, appears in the form of flame. 
Nu. II. Do not Great bodies conſerve their heat the longeſt, 


but 2 in the firſt L.atiu of Dr, Clarke, except that we find nothing there anſwering to the 
mal words, aud a very /mall quantity of vapor and exhalations, which were firt: e eee 


ond 2 aglilh, 


Forma! cauſe 


EE Es | of the Sun. 
their parts heating one another; and may not Great denſe and 


Fixed bodies, when heated beyond a certain degree, emit light ſo 
copiouily, as by the emiſſion and re- action of its light, and the 
reflexions and refractions of its rays within its pores, to grow 
ll hotter, till it comes to a certain period of heat, ſuch as is 
that of the {un ? And are not the ſun and fixed ftars great earths 
vehemently hot; whoſe heat is conſerved by the ergatneſs of the 
bodies, and the mutual action and re- action between them, and 
the light which they emit; and whoſe parts are kept from fum- 
ing away, not only by their Fixity, but alſo by the vaſt weight 
and denſity of the atmoſpheres incumbent upon them, and very 
ſtrongly compreſſing them, and condenſing the vapours and ex- 
halations which ariſe from them (8)? For if water be made 


F f 2 | Warm 
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warm in any pellucid veſſel emptied of air, that water in the va. 
cuum will bubble and boil as vehemently, as it would in the open 
air in a veſſel ſet upon the fire till it conceives a much greater heat, 
For the weight of the incumbent atmoſphere keeps down the yz. 
pours, and hinders the water from boiling, until it grow much 
hotter than is requiſite to make it boil H Yacuo. Alſo a mixture 
of tin and lead, being put upon a red hot iron i Yacuo, emits à 
fume and flame; but the fame mixture in the open air, by rea- 
fon of the incumbent atmoſphere, does not- fo much- as emit any 
fume, which can be perceived by ſight. In like manner the. 
great weight of the atmoſphere, which lies upon the globe of 
the ſun, may hinder bodies there from riſing up and going away 
from the ſun, in the form of vapours and fumes; unleſs by means 
of a far greater heat, than that which, on the ſurface of the 
earth, would very eaſily turn them into vapours and fumes. And 
the ſame great weight may condenſe thoſe vapours and exhalations, 
as ſoon as they ſhall at any time begin to aſcend from the ſun, 
and make them prefently fall back again into him; and by that 
action increaſe his heat, much after the manner that in our earth 


the air increaſes the heat of a culinary fire. And the ſame weight 


may hinder the globe of the ſun from being diminiſhed, unleſs 


by the emiſſion of light, and a very ſmall quantity of vapours: 


Of the ſenſe 
ot Sight. 


and exhalations. 

974. 12. Do not the rays of light, in falling upon the bottom 
of the eye, excite vibrations in the Tunica Retina Which vi- 
brations, being propagated along the ſolid fibres of the Optick- 


nerves into the brain, cauſe the ſenſe of ſeeing. For becauſe 


_ denſe bodies conſerve their heat a long time, and the denſeſt bo- 


dies conſerve their heat the longeſt ; the vibrations of their parts 
are of a laſting nature, and therefore may be propagated along' 
ſolid fibres of uniform denſe matter to a great diſtance, for con- 
veying into the brain the impreſſions made upon all the organs 
of ſenſe. For that motion, which can continue long in one and 


the ſame part of a body, can be propagated a long way from one 


part to another, ſuppoſing the body homogeneal, ſo that the mo- 
tion may not be reflected, retracted, interrupted or diſordered by 
any unevenneſs of the body, 


N.. 
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94. 1 3. Do not ſeveral ſorts of rays make vibrations of ſeveral Queries xu, 
bigneſſes; which according to their bigneſſes excite ſenſations of Of the per · 
veral colours: much after the manner that the vibrations of the _ 
air, according to their ſeveral bigneſſes, excite ſenſations of ſeve- olours. 
ral Sounds? And particularly do not the moſt refrangible rays ex 
cite the ſhorteſt vibrations, for making a ſenſation of deep Violet; 
the leaſt refrangible, the largeſt, for making a ſenſation of deep 
Red; and the ſeveral intermediate ſorts of rays, vibrations of ſe- 
veral intermediate bigneſſes, to make ſenſations of the ſeveral in- 
termediate colours? 
9%. 14. May not the harmony and diſcord of colours, ariſe pore of 
from the proportions of the vibrations propagated through the 
fibres of the Optick nerves into the brain; as the harmony and 
diſcord of ſounds ariſe from the proportions of the vibrations of 
the air? For ſome colours, if they be viewed together, are agree 
able to one another, as thoſe of gold and Indigo, and others 
diſagree. | 
N. 15. Are not the ſpecies of objects, ſeen with both eyes, m_— 
united where the Optick nerves meet before they come into the 
brain; the fibres on the right ſide of both nerves uniting there, 
and after union going thence into the brain, in the nerve which is 
on the right ſide of the head; and the fibres on the left fide of 
both nerves uniting .in_ the ſame place, and after union going 
into the brain, in the nerve which is on the left ſide of the head; 
and theſe two nerves meeting in the brain, in ſuch a manner that 
their fibres make but one entire ſpecies or picture; half of which, 
on the right fide of the ſenſorium, comes from the right tide of 
both eyes, through the right ſide of both Optick nerves, to the 
place where the nerves meet, and from thence on the right ſide 
of the head into the brain; and the other half, on the left ſide 
of the ſenſorium, comes in like manner from the left fide of both 
eyes. For the Optick nerves of ſuch animals, as look the ſame 
Way- with both eyes, as of men, dogs, ſheep, oxen, &c, meet 
before they come into the brain; but the Optick nerves of ſuch 
animals as do not look the ſame way with both eyes, as of fiſhes 
and of the chameleon, do not meet, if I am rightly informed. 
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Queries . 16. When a man in the dark prefſes either corner of his 
XVI, xvVII. 6 ; . ä . 

Duration of eye With his finger, and turns his eye away from his finger, he 
will ſee a circle of colours like thoſe in the feather of a peacock's 


Nerve, which f; ; 
e If the eye and the finger remain quiet, theſe colours va— 


_ ſexſe of niſh in a ſecond minute of time; but if the finger be moved 


dight. 5 5 x 3 
with a quavering motion, they appear again (). Do not theſe co- 


lours ariſe from ſuch motions, excited in the bottom of the eye, 
by the preſſure and motion of the finger, as at other times are 
excited there by light for cauſing viſion? And do not the motions 
once excited continue about a ſecond of time before they ceaſe (); 
And when a man by a ſtroke upon his eyes ſees a flaſh -of light, 
are not the like motions excited in the Relina by the ſtroke (V) 
And when a coal of fire, moved nimbly in the circumference of 
a circle, makes the whole circumference appear like a circle of 
fire; is it not becauſe the motions excited in the bottom of the 
eye, by the rays of light, are of a laſting nature; and continue 
till the coal of fire, in going round, returns to its former place? 
And conſidering the laſtingneſs of the motions excited in the 
bottom of the eye by light, are they not of a vibrating nature? 


eu : 22. 1 If a ſtone be thrown into fagnating water, the waves 
cauſe of the | | 


fits of Tranſ- Excited thereby continue ſome time to arite, in the place where 


miſſion and 


Reflexion. the ſtone fell into the water, and are propagated from thence in 


concentrick circles, upon the ſurface of the water, to great dit- 
tances. And the vibrations or «remors excited in the air by per- 
cuſſion, continue a little time to move from the place of percuſ- 
fon, in concentrick ſpheres, to great diſtances. And in like man- 
ner, when a ray of light falls upon the ſurface of any pellucid 
body, and is there refracted or reflected: may not waves of vi- 
brations, or tremors, be thereby cxcited in the refracting or re- 
flecting medium at the point of incidence; and continue to ariſe 
there, and to be propagated from thence, as long as they continue 
to ariſe and be propagated, when they are excited in the bottom 
of the eye by the preſſure or motion of the finger, or by the 
light which comes from the coal of fire in experiments above- 
mentioned ? 
(®) IF the eye = appear again.] Not in the firſt edition, nor in Dr. Clari?”s firſt Latin. 
() And do not—before they ceaſe. ]} Not in the firſt edition, nor in Dr, Clarke's firſt Latine 


49 — Retina by the firoke,] With theſe words the Book ends in the firſt edition. The _ 
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mentioned? And are not theſe vibrations propagated from the Queries 
point of incidence to great diſtances? And do they not overtake cs 
the rays of light, and by overtaking them ſucceſſively, do they 

not put them into the fits of eaſy Reflexion and eaſy Tranſmiſſion 
deſcribed above? For if the rays endeavour to recede from the 
denſeſt part of the vibration, they may be alternately accelerated 

and retarded by the vibrations overtaking them. | 

97.18, If in two large tall cylindrical veſſels of glaſs invert- Probability of 

ed, two little thermometers be ſuſpended ſo as not to touch. the nog — 
veſſols, and the air be drawn out of one of theſe veſſels, and e 
theſe veſlels, thus prepared, be carried out of a cold place into a 

warm one; the thermometer in Yacuo. will grow warm as much, 

and almoſt as ſoon as the thermometer which is not i» YVacuo .. 

and when the veſſel is carried back into the cold place, the ther- 
mometer in Yacuo will grow cold, almoſt as ſoon as the other ther- 
mometer. Is not the heat of the warm room conveyed through 

the Vacuum by the vibrations of a. much ſubtiler medium than 

air, which, after the air was drawn out, remained in the Vacuum? 

And is not this medium the fame with that medium by which 

light is refracted or reflected, and by whoſe vibrations light com- 
municates heat to bodies, and is put into fits of eaſy Reflexion 

and eaſy Tranſmiſſion ? And do not the vibrations of this medi- 

um, in hot bodies, contribute to the intenſeneſs and duration of 
their heat? And do not hot bodies communicate their heat to 
uaAtiguous cold ones, by the vibrations of this medium propa- 

gated from them into the cold ones? And is not this medium 
exceedingly more rare and ſubtile than the air, and exceedingly 

more elaſtick and active? And doth it not readily pervade all bo- 

dies? And is it not (by its elaſtick force) expanded through all 

the heavens? 

24. 19. Doth not the refraction of light proceed from the dif- . 

ferent denſity of this æthereal medium in different places, the e 
light receding always from the denſer parts of the medium? gt te 
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fraction. 


And is not the denſity thereof greater in free and open ſpaces, 


ing Paragraph of this Query, and the eight Queries that immediately follow, namely, the 17th, 
3 19th, 2oth, 21ſt, 22d, 23d, 24th, firſt appeared in the iccond Ei edition, and are not 
ound in Dr. Clarke's firſt Latin. | 


void 
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Queries void of air and other groſſer bodies, than within the Pores of 

K, XXI. | | | T . 
water, glaſs, cryſtal, gems, and other compact bodies? For when 
light paſſes through glaſs or cryſtal, and, falling very obliquely 
upon the farther ſurface-thereof, is totally reflected; the total re- 
flexion ought to proceed rather from the Denſity and Vigour of 
the medium without and beyond the glaſs, than from the Rarity 
and Weakneſs thereof. 


'This medium 97. 20. Doth not this zthereal medium, in paſſing out of wa- 
, denſer in | 


empty ipaces ter, glaſs, cryſtal, -and other compact and denſe bodies into emp- 
; TW ſpaces, grow denſer and denſer by degrees; and by that means 
refract the rays of light not in a point, but by bending them gra- 
.dually in curve lines? And doth not the gradual-condenſation of 
this medium extend to ſome diſtance from the bodies; and there- 
by cauſe the inflexions of the rays of light, which paſs by the 

edges of denſe bodies, at ſome diſtance from the bodies? 
he weck. DL,. 21. Is not this medium much rarer within the denſe bo- 
of Gravity, dies of the ſun, ſtars, planets and comets, than in the empty ce- 
leſtial ſpaces between them? And in paſſing from them to great 
diſtances, doth it not grow denſer and denſer perpetually; and 
thereby cauſe the Gravity of thoſe great bodies towards one an- 
other, and of their parts towards the bodies; every body endea- 
vouring to go from the denſer parts of the medium towards the 
rarer? For if this medium be rarer within the ſun's body than 
at its ſurface, and rarer there than at the hundredth part of an 
inch from its body, and rarer there than at the fifticth part of an 
inch from its body, and rarer there than at the orb of Saturn; l 
ſee no reaſon why the increaſe of denſity thould ſtop any where, 
and not rather be continued through all diſtances from the ſun to 
Saturn, and beyond. And though -this increaſe of denſity may 
at great diſtances be exceeding flow, yet if the Elaſtick force of 
this medium be exceeding great, it may ſuffice to impel bodies 
from the denſer parts of the medium towards the rarer, with all 
that power which we call Gravity. And that the Elaſtick force 
of this medium is exceeding great, may be gathered from the 
ſwiftneſs of its vibrations. Sounds move about 1140 Eg fect 
in a ſecond minute of time; and in ſeven or eight minutes of 
time, they move about one hundred Exgliſb miles. Light yy 
rom 


P 


from the ſun to us in about ſeven or eight minutes of time; 
which diſtance is about 70000000 Engli/h miles, ſuppoſing the 
horizontal parallax of the ſun to be about 12”. And the vibra- 
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tions or pulſes of this medium, that they may cauſe the alternate 
fits of eaſy Tranſmiſſion and eaſy Reflexion, muſt be ſwifter than 


light; and by conſequence above 700000 times ſwifter than 
funds. And therefore the Elaſtick force of this medium, in 
proportion to its denſity, muſt be above 700000 x 700000 (that 
is, above 490000000000) times greater than the Elaſtick. force 
of the air is in proportion to its denſity. For the velocities of the 
pulſes of elaſtick mediums are in a ſubduplicate ratio of the elaſ- 
 ticities and the rarities of the mediums taken together. 
As attraction is ſtronger in ſmall magnets than in great ones, 
in proportion to their bulk ; and gravity is greater in the ſurfaces 
of ſmall planets than in thoſe of great ones, in proportion to 


their bulk; and ſmall bodies are agitated much more by Electric 
Attraction than great ones; ſo the ſmallneſs of the rays of light 


may contribute very much to the power of the agent, by which 
they are refracted. And ſo if any one ſhould ſuppoſe that 27her, 


like our air, may contain particles which endeavour to recede 


from one another (for I do not know what this is) and that 
its particles are exceedingly ſmaller than thoſe of air, or even 
than thoſe of light: the exceeding ſmallneſs of its particles may 
contribute to the greatneſs of the force, by which thoſe particles 
may recede from one another ; and thereby make that medium 
exceedingly more rare and Elaſtick than air, and by conſequence 
exceedingly leſs able to reſiſt the motions of projectiles, and ex- 
ceedingly more able to preſs upon groſs bodies, by endeavouring 
to expand itſelf, 

2. 22. May not planets and comets, and all grofs bodies, per- 
form their motions more freely, and with leſs reſiſtance in this 
æthereal medium than in any fluid, which fills all ſpace ade- 
quately without leaving any pores, and by conſequence is much 
denſer than quick-ſilver or gold? And may not its reſiſtance be 
ſo ſmall as to be inconſiderable? For inſtance; if this @zber (for 
ſo I will call it) ſhould be ſuppoſed 7 00000 times more Elaſtick 
than our air, and above 700000 times more rare; its reſiſtance 

—— — G g would 


Small reſiſt- 
ance of the 
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medium. 
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Querics © AyOnTa be above 6006000000 tintes leſs than that of water. Ana 
SITE " ſo ſmall a refiſtanee would ſcafce make ary fenſible alteration in 
2 the motions of the Planets in ten thouſand years. If any one 
would aſk how a medium can be fo rare, let him tell me how the 
air, in the upper parts of the atmoſ phere, can be above an hun- 
dred thouſand times rarer than gold, Let him alſo tell me, hoy 
an Electrick body can by friction emit an exhalation fo rare and 
fubtle, and yet ſo potent, as by its emiſſion to cauſe no ſenſible 
diminution of the weight of the electrick body; and to be ex- 
panded through a ſphere, whofe diameter is above two feet, and 
yet to be able to agitate and carry up leaf-copper, or leaf-gold, 
at the diſtance of above a foot from the electrick body? And 
how the 2fiuvia of a magnet can be fo rare and ſubtile, as to paſs 
through a plate of glaſs without any refiftance or diminution of 
their force, and "or ſo Peet as to turn a N needle be. 
yond the glaſs ? 


The zthered Q. 23, Is not Viſion erde chiefly by the vibrations of 


medium the 


mechanical this medium, excited in the bottom of the eye by the rays of 
view ® light, and propagated through the ſolid, pellucid and uniform 
Capillamenta of the Optick nerves into the place of ſenſation 
And is not Hearing performed by the vibrations either of this or 

ſome other medium, excited in the Auditory nerves by the tre- 

mors of the air, and propagated through the ſolid, pellucid and 

i uniform Capillamenta of thoſe nerves into the place of per 

4 Tow And ſo of the other ſenſes. 

4 | —of Animal L. 24. Is not Animal motion performed by the vibrations of 

= ma this medium, excited in the brain by the power of the will, and 

b propagated from thence through the ſolid, pellucid and uniform 
1 Capillamenta of the nerves into the muſcles, for contracting and 
dilating them? 1 ſuppoſe that the Capillamenta of the nerves are 

each of them Solid and Uniform, that the vibrating motion of the 

zthereal medium may be propagated along them from one end 

to the other uniformly, and without interruption : for obſtruc- 

tions in the nerves create palſies. And that they may be ſuffici- 

ently uniform, 1 ſuppoſe them to be pellucid when viewed ſingly; 

though the reflexions in their cylindrical ſurfaces may make the 

whole nerve, compoſed of many Capillamenta, appear — 

| White. 
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a; For Opacity ariſes from Reflecting ſurfaces, : _ * Qeery AXE, 
diſturb and interrupt the motions of this medium. 

| By. 25. Are there not other original properties of ths: rays * 
light, befides thoſe already deſcribed? An inſtance of another ori- — of Light. 
ginal property we have in the refraction of Ifland Cryſtal, de- 
ſcribed firſt by Era/mus Bartboline, and afterwards more exactly 
by Hugenius, in his Book De da Lumiere. This cryſtal is a pel- inandi. 
lucid fiflile ſtone, clear as water or cryſtal of the rock, and with- 

out colour; enduring a red heat withont loſing its tranſparency, 

and, in a very ſtrong heat, calcining without fuſion: ſteeped a 

day or two in water, it loſes its natural poliſh ; being rubbed on 

doth, it attracts pieces of ftraws and other light things, like am- 

bar or glaſs 3 and with agua fortis it makes an ebyllition. It 

ſeems to be a ſort of Talk, and is found in form of an oblique 
parallelopiped, with ſix .parallelogram fides and eight ſolid an- 

gles. The obtuſe angles of the parallelograms are each of them 

101 degrees and 52 minutes; the acute ones 78 degrees and 8 
minutes. Two of the ſolid angles oppoſite to one another, as c 

See de following ANA E, are encompaſſed each of them with three of 
Sas, p. as. theſe-Obtuſe-angles; and each of the other fix, with 

one Obtuſe and two Acute ones. It cleaves eaſily in planes pa- 

rallel to any of its ſicles, and not in any other planes. It cleaves 

with a glofly polite ſurface, not perfectly plane, but with ſome 

little unevenneſs. It is -eafily ſcratched, and, by reaſon of its 
ſoftneſs, it takes a poliſh very difficultly. It poliſhes better up- 

on poliſhed looking-glaſs than upon metal; and perhaps better 

upon piteh, leather or parchment. Afterwards it muſt be rub- 

bed with a little oil or white of an egg, to fill up its ſcratches; 
Whereby it will become very tranſparent and polite. But for ſe- 

veral experiments, it is not neceſſary to poliſh it. If a piece of 

this cryſtalline ſtone be laid upon a book; every letter of the book, 

ſeen through it, will appear double, by means of a double refrac- 

ton. And if any beam ef light falls either perpendicularly, or 

in any oblique angle, upon any ſurface of this cryſtal; it becomes 

divided into two beams by means of the ſame double refraction. 

Which beams are of the ſame colour with the incident beam of 

ght, and ſeem equal to one another in the Quantity of their 

G 8 * | | hight, 
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ght, or very nearly equal. One of theſe refractions is per- 
formed by the uſual rule of Opticks; the ſine of incidence out 


of air into this cryſtal being to the ſine of refraction as five to 


three. The other refraction, which may be called the unuſual 


Re res e is ee erer wy the ERS Rule. 
ein Loet 'aDBC repreſent the Re- 
9 E ; fracting ſurface of the cryſtal; c, 
\ * the biggeſt ſolid angle at that ſur. 
ace; GEHT, the oppoſite ſurface; 
and cx, a perpendicular on that 
- - furface. This perpendicular makes 
with the edge of the cryſtal cy, 
an angle of 19 deg. 3. Join xx; 
and in it take KL, ſo that the an- 
gle KcL be 6 deg. 40“. and the 
angle .LCF 12 deg. 23“. And if 
s repreſent any beam of light in- 
cident at r, in any angle, upon 
the Refrating autre ADBC, let rv be the refracted beam de- 


H 


termined by the given proportion of the fines 5 to 3, according 


to the uſual rule of Opticks. Draw vx parallel and equal to KL. 
Draw it the ſame way from », in which L lieth from k; and 
joining Tx, this line Tx ſhall be the other refracted 5 carried 
from T to x, by the unuſual refraction. 

If therefore the incident beam sT be perpendicular to the Re- | 
fracting ſurface, the two beams Tv and Tx, into which it ſhal 
become divided, ſhall be parallel to the lines cx and cl; one of 
thoſe beams going through the cryſtal perpendicularly, as it ought 
to do by the uſual laws of Opticks; and the other, Tx, by an un- 
uſual refraction, diverging from the perpendicular, and making 
with it an angle vTx of about 6; degrees, as is found by experi- 
ence. And hence the plane vrx, and ſuch like planes, which are 
parallel to the plane Ek, may be called the planes of Perpendi- 
cular refraction. And the coaſt, towards which the lines KL and 


vx are drawn, may be called the coaſt of an unuſual refraction. 
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In like manner cryſtal of the rock has a double refraction: Quene - 
put the differences of the two refractions is not ſo . and ma. 
nifeſt as in iſland cryſtal. | 

When the beam sr, incident on iſland cryſtal, 18 divided into Iſland Cryſtal. 
two beams, TV and Tx, and theſe two beams arrive at the farther 
ſarface of the. glaſs; the beam Tv, which was refracted at the 
firſt ſurface after the uſual manner, ſhall be again refracted en- 
tirely after the uſual manner at the ſecond ſurface ; and the beam 
7x, which was refracted after the unuſual manner in the firſt ſur- 
face, ſhall be again refracted entirely after the unuſual manner in 

the ſecond ſurface ; ſo that both theſe beams ſhall emerge out of 

the ſecond ſurface in lines parallel to the firſt incident beam sr. 

And if two pieces of iſland cryſtal be placed one after another, 

in ſuch manner that all the ſurfaces of the latter be parallel to all 

the correſponding ſurfaces of the former : the rays, which are 

refrated after the uſual manner in the firſt ſurface of the firſt 

cryſtal, ſhall be refracted after the uſual manner in all the fol- 

lowing ſurfaces; and the rays, which are refracted after the 

unuſual manner in the firſt ſurface, ſhall be refracted after the 

unuſual manner 1n all the following ſurfaces. And the ſame thing 

happens, though the ſurfaces of the cryſtals be any ways inclined 

to one another, provided that their planes of Perpendicular re- 

fraction be parallel to one another. 

And therefore there is an original difference in the rays of 

light, by means of which ſome rays are in this experiment con- 

ſtantly refracted after the uſual manner, and others conſtantly after 

the unuſual manner: for if the difference be not original, but 

ariſes from new modifications impreſſed on the rays at their firſt 

refraction, it would be altered by new modifications in the three 

following refractions; whereas it ſuffers no alteration, but is con- 
ſtant, and has the ee upon the rays in all the refractions. 

The unuſual refraction is therefore performed by an Original 

Property of the rays. And it remains to be enquired, whether 

che rays have not more Original Properties than are yet diſcovered? 

V. 26. Have not the rays of light ſeveral ſides, endued with 5 
ſeveral original Properties? For if the planes of Perpendicular cet files. 


refraction of the ſecond cryſtal, be at right angles with the planes 
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Query x«:vr-Of Perpendicular refra@tion of the firſt cryſtal ;- the rays, which 
7g are refracted after the uſual manner in paſſing through the firſt 

cryſtal, will be all of them refracted after the unufual manner in 
paſſing through the ſecond cryſtal; and the rays, which are re- 
fracted after the unuſual manner in paſſing through the firſt cryſ. 
tal, will be all of them refracted after the uſual manner in paſ- 
fing through the ſecond cryſtal. And therefore there are not 
two ſorts of rays differing in their nature from one another, one 
of which is conſtantly and in all poſitions refracted after the uſual 
manner, and the other conſtantly and in all poſitions after the 
unuſual manner. The difference between the two ſorts of rays, in 
the Experiment mentioned in the 25th Queſtion, was only in the 
poſitions of the ſides of the rays to the planes of Perpendicular 
refraction. For one and the ſame ray is here refracted ſometimes 
after the uſual, and ſometimes after the unuſual manner, ac- 
cording to the poſition which its ſides have to the cryſtals. If 
the fide of the ray is poſited the ſame way to both cryſtals, it is 
refracted after the ſame manner in them both : but if that fide 
of the ray, which looks towards the coaſt of the unuſual refrac- 
tion of the firſt cryſtal, be go degrees from that ſide of the ſame 
ray, which looks towards the coaſt of the unuſual refraction of 
the ſecond cryſtal (which may be effected by varying the poſition 
of the ſecond cryſtal to the firſt, and by conſequence to the rays 
of light) the ray ſhall be refracted after ſeveral manners in the 
ſeveral cryſtals. There is nothing more required to determine 
whether the rays of light, which fall upon the ſecond cryſtal, 
ſhall be refracted after the uſual or after the unuſual manner; 
but to turn about this cryſtal, ſo that the coaſt of this cryſtals un- 
Uſual refraction may be on this or on that ſide of the ray. And 
therefore every ray may be conſidered as having four ſides 0r 
quarters; two of which, oppoſite to one another, incline the ray to 
be refracted after the unuſual manner, as often as either of them 
are turned towards the coaſt of unuſual refraction; and the other 
two, whenever either of them are turned towards the coaſt of 
unuſual refraction, do not incline it to be otherwiſe refracted than 
after the uſual manner. The two firſt may therefore be called 
the ſides of unuſual refraction. And ſince theſe diſpoſitions-wer 
4 in 
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in the rays, before their incidence on the ſecond, third and fourth queics 
farfaces of the two cryſtals; and ſuffered no alteration, ſo far as jc era 


have {z\cral 


appears, by the refraction of the rays in their paſſage through _ 


6 


2 — 


e 
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thoſe ſurfaces; and the rays were refracted by the fame laws in 
all the four ſurfaces: it appears, that thoſe diſpoſitions were in the 
rays originally, and ſuffered no alteration by the firſt refraction ; 
and that by means of thoſe diſpoſitions the rays were refracted at 
their incidence on the firſt ſurface of the firſt cryſtal ; ſome of 


them after the uſual, and ſome of them after the unuſual man- 


ner, accordingly as their ſides of unuſual refraction were then 


turned towards the coaſt of the unuſual refraction of that cryſtal, 


or ſide ways from it. 


Every ray of light has therefore two oppoſite ſides, e 
endued with a property on which the unuſual refraction depends, 
and with other two oppoſite ſides not endued with that property. 
And it remains to be enquired, whether there are not more pro. 
perties of light by which the ſides of the rays differ, and are diſ- 


tinguiſhed from one another. 


In explaining the difference of the ſides of the rays above- 
mentioned, I have ſuppoſed that the rays fall perpendicularly on 
the firſt cryſtal. But if they fall obliquely on it, the ſucceſs is 
the ſame. Thoſe rays which are refracted after the uſual manner 
in the firft cryſtal, will be refracted after the unuſual manner in 
the ſecond cryſtal, ſuppoſing the planes of Perpendicular refrac- 
tion to be at right angles with one another, as above; and on the 
contrary, 

If the planes of the Perpendicular refraction of the two cryſ-- 
tals be neither parallel nor perpendicular to one another, but con- 
tain an Acute angle: the two beams of light which emerge out 
of the firſt cryſtal, will be each of them divided into two more 
at their incidence on the cond cryſtal. For in this caſe the rays, 


in each of the two beams, will ſome of them have their ſides of 


unuſual refraction, and ſome of them their other ſides, turned 
toward the coaſt of the unuſual refraction of the ſecond cryſtal. . 
W. 27. Are not all hypotheſes erroneous which have hitherto: 

n invented for explaining the phenomena of light, by new 
modifications of the rays? For thoſe phenomena depend not upon 
new 
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Query new modifications, as has been ſuppoſed, but upon the Original 
aud Unchangeable properties of the rays. 

ND 94.28. Are not all hypotheſes erroneous, in which light is 

e {ſuppoſed to conſiſt in preſſion or motion, propagated through a 

1. 1 fluid medium? For in all theſe hypotheſes, the phænomena of 

light have been hitherto explained, by ſuppoſing that they ariſe 

from new modifications of the rays; which is an erroneous ſup. 

poſition. 

If light conſiſted only in preſſion propagated without actual 

motion; it would not be able to agitate and heat the bodies, which 

refract and reflect it. If it confiſted in motion propagated to all 

diſtances in an inſtant; it would require an infinite force every mo. 

ment, in every ſhining particle, to generate that motion. And 

if it conſiſted in preſſion or motion, propagated either in an in- 

ſtant or in time, it would bend into the ſhadow. For preſſion or 

motion cannot be propagated in a fluid in right lines beyond an 

obſtacle, which ſtops part of the motion, but will bend and ſpread 

every way into the quieſcent medium, which lies beyond the ob- 

ſtacle ((). Gravity tends downwards; but the preſſure of water, 

ariſing from gravity, tends every way with equal force; and is 

propagated as readily, and with as much force, ſideways as down- 

wards, and through crooked paſſages as through ſtrait ones. The 

waves on the ſurface of ſtagnating water, paſſing by the ſides of 

a broad obſtacle which ſtops part of them, bend afterwards, and 

dilate themſelves gradually into the quiet water behind the ob- 

ſtacle. The waves, pulſes or vibrations of the air, wherein ſounds 

conſiſt, bend manifeſtly ; though not ſo much as the waves of 

water. For a bell, or a cannon, may be heard beyond a hill, 

which intercepts the ſight of the ſounding body; and ſounds are 

propagated as readily through crooked pipes, as through ftreight 

ones. But light is never known to follow crooked paſſages, Nor 

to bend into the ſhadow. For the fixed ſtars, by the interpoli- 


tion of any of the planets, ceaſe to be ſeen. And ſo do the parts 


of the ſun by the interpoſition of the moon, Mercury or Veni. 


The rays, which paſs very near to the edges of any body, are bent 
a little by the action of the body, as we ſhewed above; but this 


0) Princip. Lib. II. Prop. xTII. 
bending 


— 


W 
bending is not towards, but from the ſhadow, and is performed Query 
only in the paſſage of the ray by the body, and at a very ſmall" 
diſtance from it. S0 ſoon as the ray is paſt the body, it goes 
right on. 
To explain the unuſual refraction of iſland cryſtal by preſſion 
or motion propagated, has not hitherto been attempted (to my 
knowledge) except by Huygens; who for that end ſuppoſed two 
ſeveral vibrating mediums within that cryſtal. But when he 
tried the refractions in two ſucceſſive pieces of that cryſtal, and 
found them ſuch as is mentioned above: he confeſſed himſelf at 
4 loſs for explaining them. For preſſions or motions, propagated 
from a ſhining body through an uniform medium, muſt be on all 
fides alike ; whereas by thoſe experiments it appears, that the 
rays of light have different properties in their different ſides. He 
ſuſpected that the pulſes of tber, in paſfing through the firſt 
cryſtal, might receive certain new modifications ; which might 
determine them to be propagated in this or that medium within 
1 the ſecond cryſtal, according to the poſition of 
cl . je ww rien that cryſtal, But what modifications thoſe might 
tiaſſe. e la lumi- be, he could not ſay ; nor think of any thing 
TT . ſatisfactory in that point. And if he had known 
that the unuſual refraction depends not on new modifications, but 
on the original and unchangeable diſpoſitions of the rays, he 
would have found it as difficult to explain how thoſe diſpoſitions, 
which he ſuppoſed to be impreſſed on the rays by the firſt cryſtal, 
could be in them before their incidence on that cryſtal ; and in 
general, how all rays, emitted by ſhining bodies, can have thoſe 
diſpoſitions in them from the beginning. To me, at leaft, this 
ſeems inexplicable, if light be nothing elſe than preſſion or mo- 
tion propagated through nber. | 
And it is as difficult to explain by thefe hypotheſes, hat rays 'W 
can be alternately in fits of eaſy Reflexion and eaſy Tranſmiſſion z | 
unleſs perhaps one might ſuppoſe, that there are in all ſpace two 
#thereal vibrating mediums, and that the vibrations of one of 
them conſtitute light, and the vibrations of the other are ſwifter, 
and as often as they overtake the vibrations of the Firſt, put them 
Vor. IV. ü H h into 
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X XVIII. 


No denſe 
matter 


: O P * I C S. Book III. 
into thoſe fits (m). But how two ætbers can be diffuſed through 
all ſpace, one of which acts upon the other, and by conſequence 
is re- acted upon, without retarding, ſhattering, diſperſing and 
confounding one another's motions, is inconceivable. And againſt 
filling the heavens with fluid mediums, unleſs they be exceeding 
rare, a great objection ariſes from the regular and very laſting 
motions of the planets and comets in all manner of courſes 
through the heavens. For thence it is manifeſt, that the heavens 
are void of all ſenſible reſiſtance, and by conſequence of all ſen- 
ſible matter. 1 | 

For the reſiſting power of fluid mediums arifes partly from 
the attrition. of. the parts of the medium, and. partly from the 
Vis inertia of the matter. That part of the reſiſtance of a ſphe- 
rical body, which ariſes from the attrition of the parts of the medi- 
um, is very nearly as the. diameter; or at the moſt, as the factum 
of the diameter,. and. the velocity of the ſpherical body together. 
And that part of the reſiſtance, which ariſes from the vis inertia 
of the matter, is as the ſquare of that fa&um (n). And by this 
difference the two ſorts. of reſiſtance may be diſtinguiſhed from: 
one another in any medium; and theſe being diſtinguiſhed, it 
will be found that almoſt all the reſiſtance of bodies of a compe- 
tent magnitude, moving in air, water, quick-filver, and ſuch like 
fluids, with a competent velocity, ariſes from the vis inertiæ of 


the parts of the fluid. „ 


Now that part of the reſiſting power of any medium, which. 


ariſes from the tenacity, friction or attrition of the parts of the 


medium, may be diminiſhed by dividing the matter into ſmaller 
parts, and making the parts more ſmooth and ſlippery: but that 
part of the reſiſtance, which. ariſes from the vis inertiæ, is propor- 
tional to the denſity of the matter, and cannot be diminiſhed by 
dividing the matter into {ſmaller parts, nor by any other means 

than 


() The remaining part of this paragraph, in the firſt of the two Latin editions of Dr. Clorke, 
ſtood thus. Verum duo ibi confingere Ætherum genera, ubi nulla ratio cogat ut vel unum qui: 
dem admittamus; exiſtimare porro due Ætherum genera ita in omnia ſpatio una ineſſe poſſe, ut 
tamen invicem non intermiſceantur, nec in unum Medium coeant; comminiſci denique duo illa 
Atherum genera diſtinctas ita habere poſſe vibrationes, ut tamen duo Luminis genera non con- 
ſtituant; hz quidem mihi videntur difficultates inexplicabiles. Præterea nulla eſſe omnimo iſtiu⸗ 


modi media fluida, inde colligo, quod Planets & Cometz regulari adeo & Jiuturno motu per 


ſpana 


man by decreaſing the denſity of the medium. And for theſe que 
reaſons the denſity of fluid mediums is very nearly proportional in che plane- 
to their reſiſtance. Liquors which differ not much in denſity, as“ B00: 
water, {ſpirit of wine, ſpirit of turpentine, hot oil, differ not 
much in reſiſtance. Water 1s thirteen or fourteen times lighter 
than quick-ſilver, and by conſequence thirteen or fourteen times 
rarer; and its reſiſtance is leſs than that of quick-ſilver in the ſame 
proportion, or thereabouts, as I have found by experiments made 
with pendulums. The open air, in which we breathe, is eight or 
nine hundred times lighter than water, and by conſequence eight 
or nine hundred times rarer; and accordingly its reſiſtance is leſs 
than that of water in the ſame proportion, or thereabouts; as I 
have alſo found by experiments made with pendulums (). And 
in thinner air the reſiſtance is {till leſs; and at length, by rarify- 
ing the air, becomes inſenſible. For ſome feathers falling in the 
open air meet with great reſiſtance ; but in a tall glaſs, well emp- 
tied of air, they fall as faſt as lead or glaſs, as I have ſeen tried 
ſeveral times. Whence the reſiſtance ſeems {till to decreaſe in 
Proportion to the denſity of the fluid. For I do not find by any 
experiments, that bodies moving in quick-filver, water or air, 
meet with any other ſenſible reſiſtance, than what ariſes from the 
denfity and tenacity of thoſe ſenſible fluids; as they would do, if 
the pores of thoſe fluids, and all other ſpaces, were filled with a 
denſe and ſubtile fluid (p). Now if the reſiſtance in a veſſel, 
well emptied of water, was but an hundred times leſs than in the 
open air, it would be about a million of times leſs than in quick- 
filver. But it ſeems to be much leſs in ſuch a veſſel; and {till 
much leſs in the heavens, at the height of three or four hun- 
dred miles from the earth, or above. For Mr. Boyle has ſhewed, 
that air may be rarified above ten thouſand times in veſſels of 
glaſs; and the heavens are much emptier of air, than any va- 
cuum we can make below. For ſince the air is compreſſed by the 
weight of the incumbent atmoſphere, and the denſity of air is 


ſpatia cæleſtia undique & quaquaverſum & in omnes partes ferantur. Inde enim liquet ſpatia cæ- 
leſtia omnis ſenſibilis reſiſtentiæ, & conſequenter omnis ſenſibilis materiæ, expertia eſſe. 

In the ſecond Engliſh edition, and all that ſucceeded, it appeared as we now give it. 

(") Princip. Lib. II. Prop. xxxv. Cor. f. and Prop. xxxVIII. Cor. 1. | 
= Princip. Lib. II. Sect. vi. Scholium. 

(*) See Princip. Lib. II. Sect. vi. Scholium towards the end. 
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proportional to the force compreſſing it; it follows by computa- 


tion, that at the height of about ſeven and a half Exgliſb miles 
from the earth, the air is four times rarer than at the ſurface of 
the earth; and at the height of 15 miles, it is ſixteen times rarer 
than that at the ſurface of the earth; and at the height of 2275 
30, or 38 miles, it is reſpectively 64, 256, or 1024 times rarer, 
or thereabouts ; and at the height of 76, 152, 228 miles, it i; 


about I000000, LT 000000000000 OT L000000000000000000 


times rarer; and ſo on (d). | 
Heat promotes fluidity very much, by diminiſhing the tenacity 
of bodies. It makes many bodies fluid, which are not fluid in 


cold; and increaſes the fluidity of tenacious liquors, as of oil, bal- 


ſam and honey, and thereby decreaſes their reſiſtance. But it 
decreaſes not the reſiſtance of water conſiderably; as it would do, 
if any conſiderable part of the reſiſtance of water aroſe from 
the attrition, or tenacity, of its parts. And therefore the reſiſt- 
ance of water ariſes principally, and almoft entirely, from the vis 
inertiæ of its matter; and by conſequence, if the heavens were 
as denſe as water, they would not have much leſs reſiſtance than 
water; if as denſe as quick-filver, they would not have much 
leſs reſiſtance than quick-filver ; if abſolutely denſe, or full of 
matter without any vacuum, let the matter be never ſo ſubtile 
and fluid, they would have a greater reſiſtance than quick- ſilver. 


A ſolid globe in ſuch a medium would loſe above half its motion 


in moving three times (t) the length of its diameter; and a globe 
not ſolid, ſuch as are the planets, would be retarded ſooner. And 
therefore to make way for the regular and laſting motions of the 


planets and comets, it is neceſſary to empty the heavens of all 


matter; except perhaps ſome very thin vapours, ſteams or Mu- 
via, ariſing from the atmoſpheres of the earth, planets and co- 
mets, and from ſuch an exceeding rare ethereal medium as we 


A denſe fluid can be of no uſe for explaining 


(4) Concerning the rarity of the air at all heights above the earth's ſurface, ſee the ſixth Sec- 
tion of my diſcourſe on the Barometer publiſhed in the Volume of the Philoſophical Tranſ- 
actions. | 

„) — three times.] Our Author ſeems to make the ſuppoſition of a ſolid, or abſolutely denſe 
globe moving in a fluid Plenum. The denſity therefore of the globe is ſuppoſed equal to that of 
the fluid, wherein it is ſuppoſed to move. Should we not, therefore, according to the 4th Cor. of 
Princip, Lib. II. Prop, xxxvIII. for three times, read twice? 


the 


C 
the phænomena of Nature, the motions of the planets and co- Query 


mets being better explained without it (5). It ſerves only to diſ- in te f 


in the plane- 
turb and retard the motions of thoſe great bodies, and make the 0. 


frame of Nature languiſn: and in the pores of bodies, it ſerves 
only to ſtop the vibrating motions of their parts, wherein their 
heat and activity conſiſts. And as it is of no uſe, and hinders 
the operations of Nature, and makes her languiſh; ſo there is. 
no evidence for its exiſtence, and therefore it ought to be rejected. 
And if it be rejected, the hypotheſes that light conſiſts in preſ- 
fion or motion propagated through ſuch a medium, are rejected 
with it. 7 L 
And for rejecting ſuch a medium, we have the authority of 
thoſe the oldeſt and moſt celebrated philoſophers of Greece and 
Phenicia, who made a vacuum and atoms, and the gravity of 
atoms, the firſt principles of their philoſophy ; tacitly attributing 
gravity to ſome other cauſe than denſe matter (t). Later philoſo- 
phers baniſh the conſideration of ſuch a cauſe out of Natural 
Philoſophy, feigning hypotheſes for explaining all things me- 
chanically, and referring other cauſes to metaphyſicks. Whereas: 
the main buſineſs of natural philoſophy is to argue from phæ- 
nomena without feigning hypotheſes, and to deduce cauſes from 
effects, till we come to the very Firſt cauſe; which certainly is 
not mechanical: and not only to unfold the mechaniſm of the 
world, but chiefly to reſolve theſe and ſuch like Queſtions. hat 


is there in places [almoſt] (u) empty of matter, and whence is it 


that the ſun and planets gravitate towards one another, without 
[denſe] (u) matter between them? Whence is it that Nature doth no- 
thing in vain ; and whence ariſes all that order and beauty which we 
fee in the world? To what end are comets; and whence is it that 
planets move all one and the ſame way in orbs concenirick, while 
comets move all manner of ways in orbs very excenirick; and what 


() 4 denſe luid—wwithout-it.] For this ſentence we had in Dr. Clarke's firſt Latin, Materia illa 
bictitia- & commentitia, qua cæli ſunt repleti, nullo modo utilis eſt ad explicanda Phznomena 
Nature ; quando Planetarum quidem & Cometarum motus, ope Gravitatis meliùs explicantur 
line illa ; gravitaſque per illam nondum fuit explicata. 

(1 — other cauſe than denſe matter.] Alii alicui cauſz à materia diverſz. Dr. Clarie's firſt 

ils, | | 


(*) = elnofi=-genſe,] Theſe two words have nothing anſwering to them in Dr. Clar#'sfirſt Latin. 
'2. _ hinger's: 
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hinders the fixed flars from falling upon one another ()? Hon 
came the bodies of animals to be contrived with ſo much art, and 
for what ends were their ſeveral Parts? Was the eye contrived with. 
out ſkill in Opticks, and the ear without knowledge of ſounds? Hyy 
do the motions of the body follow from the will; and whence is thy 
inſtind in animals? Is not the ſenſory of animals that place, to which 
tbe ſenſitive ſulſtunce is preſent; and into which the ſenſible ſpecies 
of things are carried through the nerves and brain, that there thy 


may be perceived by their immediate preſence to that ſubNlance? 
And theſe things being rightly diſpatched, Does it not appear from 


<Of the Form 
-ot Light, 


phanomena, that there is a Being incoporeal, living, intelligent, 
omnipreſent, who, in infinite ſpace, as it were in his ſenſory (V), ſees 
the things themſelves intimately, and throughty percerves them, and 
comprebends them wholly by their immediate preſence to himſelf : of 
which things the images only, carried through the organs of ſenſe 
into our little ſenſoriums, are there ſeen and beheld by that which in 
us perceives and thinks, And though every true ſtep made in this 
philoſophy brings us not immediately to the knowledge of the 
Firſt cauſe, yet it brings us nearer to it, and on that account is 
to be highly valued. ; 

24. 29. Are not the rays of light very ſmall bodies emitted 
from ſhining ſubſtances ? For ſuch bodies will paſs through uni- 
form mediums in right lines, without bending into the ſhadow; 
which is the nature of the rays of light. They will alſo be ca- 
pable of ſeveral properties, and be able to conſerve their proper- 
ties unchanged in paſſing through ſeveral. mediums; which 1s 


another condition of the rays of light. Pellucid ſubſtances act 


upon the rays of light, at a diſtance, in refracting, reflecting and 
inflecting them; and the rays mutually agitate the parts of thoſe 
ſubſtances at a diſtance, for heating them ; and this action and re- 


action, at a diſtance, very much reſembles an Attractive force be- 
tween | 


(x) — the fixed Stars from falling.) Quo minus Sol & Stelle fixz in ſe mutuò irruant. Di. 
.Clarke's firſt Latin. | 
) — ia infinite ſpace as it were in his ſenſory.] 
| Nes de of abivinc, Paonnoc, cg bie- wing, 
Ns On Tavla A as head rc B98 Ths 18 
Audn s twonn, 89" ov xlur©-, vv: per 000% 
H dne Alog 8g DTtgutrtes Keoriwnoge 
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j r 1 
tween bodies. If refraction be performed by attraction of the query 


* 

10 rays, the fines of incidence muſt be to the fines of refraction in!“ 
the a given proportion ; as we ſhewed in our principles of philoſo- 

Ny phy (Z): and this rule is true by experience. The rays of light, 

he in going out of glaſs into a vacuum, are bent towards the glaſs; 

E and if they fall too obliquely on the vacuum, they are bent back - 


2 wards into the glaſs, and totally reflected; and this reflexion can- | 1 
ey not be aſcribed to the reſiſtance of an abſolute vacuum, but muſt ö 5 
* be cauſed by the power of the glaſs attracting the rays at their 6 
n going out of it into the vacuum, and bringing them back. For i ih 
t, if the farther ſurface of the glaſs be moiſtened with water or Hal 
N clear oil, or liquid and clear honey; the rays, which would f ſl 
0 otherwiſe be reflected, will go into the water, oil, or honey; and ö i 
of | therefore are not reflected, before they arrive at the farther ſur- | fi 
/e face of the glaſs, and begin to go out of it. If they go out of W 
it it into the water, oil or honey; they go on, becaule the attraction. ] 9 
is of the glaſs is almoſt balanced, and rendered ineffectual by the 0 
1e contrary attraction of the liquor. But if they go out of it into i i 
1 a vacuum, which has no attraction to balance that of the glaſs; Wi 
the attraction of the glaſs either bends and refracts them, or 1 
( brings them back and reflects them. And this is {till more evi- 1 
i- dent by laying. together two-priſms of glaſs, or two object-glaſſes Rk 
7 of very long teleſcopes, the one plane, the other a little convex, i 
a and ſo compreſſing them that they do not fully touch, nor are { 
f too far aſunder. For the light, which falls upon the farther ſur- 1 
i face of the firſt glaſs, where the interval between the glaſſes is „ 
Ct not above the ten hundred thouſandth part of an inch, will go- 4 
d through that ſurface, and through the air or vacuum between the 1 
f glaſſes, and enter into the ſecond glaſs ;, as was explained in the ; 
4 arſt, fourth and eighth Obſervations of the firſt Part of the {e- b ö 
6 cond Book. But if the ſecond glaſs be taken away; the light, l 
* which goes out of the ſecond ſurface of the firit glaſs into the 
Yr. ar or vacuum, will not go on forwards, but turns back into the 


Lam not fingular in imagining a reſemblance between Sir Jaac Newton's notion of. ſpace as the 
ſenſory of God, and that which we find in theſe Orphic Verſes. The learned Gęſaer has remarked ' 
+ ; His verfibus poterat uti Clarckius ad naturam ſpatii ſui declarandam, guatenus illud ſenſorium quoddane - 
wh Futavit, It muſt be confeſſed, this opinion is more tolerable in poetry than in phi- 


&) Prineip. Lib. II. Prop. xc iv. 
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cid colours, Blue, Green, Vellow and Red, and be more and more 


ſome fides of the particles of the cryſtal, and not in their other 


_ gence, ſo as to emerge perpendicularly, by a contrary ſituation of 


ſince the cryſtal by this diſpoſition or virtue does not act upon the 


i . $3 Do Book Ill, 
firſt glaſs, and is reflected; and therefore it is drawn back hy the 
power of the firſt glaſs, there being nothing elſe to turn it back. 
Nothing more is requiſite for producing all the variety of colour; 
and degrees of refrangibility, than that the rays of light be bo- 
dies of different ſizes ; the leaſt of which may make Violet, the 
weakeſt and darkeſt of the colours, and be more eaſily diverted 
by Refracting ſurfaces from the right courſe; and the reſt, a; 
they are bigger and bigger, may make the ſtronger and more lu- 


difficultly diverted, Nothing more 1s requiſite for putting the 
rays of light into fits of eaſy Reflexion and eaſy Tranſmiſſion, 
than that they be ſmall bodies, which by their attractive powers, 
or ſome other force, ſtir up vibrations in what they act upon; 
which vibrations being ſwifter than the rays, overtake them ſuc- 
ceſſively, and agitate them; ſo as by turns to increaſe and decreaſe 
their velocities, and thereby put them into thoſe fits. And laſt- 
ly, the unuſual refraction of ifland cryſtal looks very much as if 
it were performed by ſome kind of Attractive virtue, lodged in 
certain ſides both of the rays, and of the particles of the cryſtal. 
For were it not for ſome kind of diſpoſition, or virtue, lodgedin 


fides, and which inclines and bends the rays towards the coaſt of 
unuſual refraction ; the rays, which fall perpendicularly on the 
cryſtal, would not be refracted towards that coaſt rather than to- 
wards any other coaſt, both at their incidence and at their emer- 


the coaſt of unuſual refraction, at the ſecond ſurface; the cryſtal 
acting upon the rays, after they have paſſed through it and are 
emerging into the air, or, if you pleaſe, into a vacuum. And 


rays, unleſs when one of their ſides of unuſual refraction looks 
towards that coaſt; this argues'a virtue or diſpoſition in thoſe ſides 
of the rays, which anſwers to and ſympathizes with that virtue 
or diſpoſition of the cryſtal, as the poles of two magnets an{wer 
to one another. And as magnetiſm may be intended and remit- 
ed, and is found only in the magnet and in iron: ſo this virtue, 


of refracting the Perpendicular, rays is greater in ifland rſt, 
| lels 
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leſs in cryſtal of the rock, and is not yet found in other bodies, Queries 

1 do not ſay that this virtue is Magnetical; it ſeems to be of Tr 
other kind: I only ſay, that whatever it be, it is difficult to con- 

ceive how the rays of light, unleſs they be bodies, can have a 
permanent virtue in two of their ſides, which is not in their other 

ſides; and this without any regard to their copper to the ſpace, 

or medium, through which they pals. 

What I mean in this Queſtion by a vacuum, and by the at- 
trations of the rays of light towards glaſs or cryſtal, may be un- 
derſtood by What Was ſaid in the 1 8th, 19th and 20th Queſ- 
tions (4a). 2 

24. 30. Ars not d bodies and light convertible into one eee 
another; and may not bodies receive much of their activity from gros — Jag 
the particles of light which enter their compoſition? For all * is. 
Fixed bodies, being heated, emit light ſo long as they continue 
ſufficiently hot; and light mutually ſtops in bodies, as often as 
its rays ſtrike upon their parts, as we ſhewed above. I know 
no body leſs apt to ſhine than water; and yet water, by frequent 
diſtillations, changes into fixed earth, as Mr. Boyle has tried; and 
then this earth, being enabled to endure a ſufficient heat, ſhines 
by heat like other bodies. 

The changing of bodies into light, and light into bodies, is 
very conformable to the courſe of Nature, which ſeems delight- 
ed with tranſmutations. Water, which is a very fluid taſteleſs 
ſalt, ſne changes by heat into vapour, which is a ſort of air; 
and by cold into ice, which is a hard, pellucid, brittle, fuſible 
ſtone; and this ſtone returns into water by heat, and vapour re- 
turns into water by cold. Earth by heat becomes fire, and by 
cold returns into earth. Denſe bodies by fermentation rarify into 
ſeveral ſorts of air; and this air by fermentation, and ſome- 
times without it, returns into denſe bodies. Mercury appears 
ſometimes in the form of a fluid metal; ſometimes in the form 
of a hard brittle metal; ſometimes in the form of a corroſive 
pellucid ſalt, called ſublimate; ſometimes in the form of a taſte- 
leſs, pellucid, volatile white earth, called Mercurius dulcis; or in 
that of a red opake volatile earth, called Cinnabar ; or in that of 


(*) This laſt paragraph of this Query was not in Dr, Clark's firſt Latin, 
Vol. IV. . a red 
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1 | Queries A red or white precipitate; or in that of a fluid ſalt; and in diſ. u 
Wi Tt Rx tillation it turns into vapour; and being. agitated in vacuo, it ſhines b. 
3 like fire. And after all theſe changes it returns again into its firſt W 
. form of mercury. Eggs grow from inſenſible magnitudes, and tr 
1 change into animals; tadpoles, into frogs; and worms, into flies, at 
{1 All birds, beaſts and fiſhes, inſects, trees, and other vegetables, P. 
fy with their ſeveral parts, grow out of water and watery tinctures c] 
i4 and ſalts; and, by putrefaction, return again into watery ſub- b 
. ſtances. And water, ſtanding a few days in the open air, yields d 
3 a tiacture, which (like that of malt) by ſtanding longer yields 3 al 
A ſediment and a ſpirit ; but before putrefaction is fit nouriſhment 6 
* for animals and vegetables. And among ſuch various and ſtrange 
tranſmutations, why may not Nature change bodies into light, a 
and light into bodies (ÞÞ) ? oe fy iy Tae Pp 
— 2%. 31. Have not the ſmall particles of bodies certain powers, P 
virtues or forces, by which they act at a diſtance, not only upon T 
the rays of light for reflecting, refracting and inflecting them, d 
but alſo upon one another, for producing a great part of the » 
Phenomena of Nature? For it is well known that bodies act f 
one upon another by the attractions of gravity, magnetiſm and t 
electricity; and theſe inſtances ſhew the tenor and courſe of Na- l 
ture, and make it not improbable, but that there may. be more 8 
Attractive powers than theſe. For Nature is very conſonant and ˖ 
conformable to herſelf. How theſe attractions may be perform- 6 
ed, I do not here conſider, What I call attraction, may be per- , 
formed by Impulſe, or by ſome other means unknown to me. 1 N 
a | uſe T 
(88) In the firſt edition of Dr. Clark's Latin we find added here what follows : © Jam quidem i 
eorum corporum, quæ ſunt ejuſdem generis et virtutis, quanto eſt quodque minutius, tanto fer- i 
tiorem habet, pro ratione magnitudinis ſuæ, vim attrahentem. Fortior comperta eſt ea vis in i 
parvis Magnetibus, pro ratione ponderis ſui, quam in majoribus : nam parvorum magnetum 0 
partes, cum ſint inter ſe proximiores, vires ſuas facilids in unum conjungunt, Quocirca radu 
Luminis, cum ſint corporum omnium (quod ſciamus) minutiſſima, expectandum erit, ut vires at- - 
trahentes habere reperiantur omnium fortiſſimas. Quam fortes autem eæ fint, regula ſequents * 
colligi poterit. Attractio radii Luminis, pro quantitate materiæ ſuz, eſt. ad gravitatem quam q 
corpus aliquod projectum habet, pro quantitate itidem materiz ſuæ, in compoſità ratione veloct- 5 
tatis radii luminis ad velocitatem corporis illius projecti, & flexurz, ſeu curvature lineæ, quan p 
Radius deſcribit in loco Refractionis, ad flexuram, ſeu curvaturam line quam id corpus projec- p 
tum deſcribit ; ita videlicet, fi inclinatio Radii ad ſuperficiem refringentem eadem fit, quæ eſt cor. 1 
Poris illius projecti ad Horizontem. Atque ex hac quidem proportione colligo, attractionem N 
Radiorum Luminis eſſe amplius 1000000000000000 partibus majorem quam Gravitatem corporum fl 


in ſuperſicie Terræ, pro quantitate materiz quæ in eis ineſt; fi ſcilicet lumen? Sole in een 
circi 
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of vitriol draws to it a good quantity of water out of the air; and 
after it is ſatiated draws no more, and in diſtillation lets go the 
water very difficultly ? And when the water and oil of vitriel, 


aſe that word here to ſignify only in general any force by which Hes | 1 

bodies tend towards one another, whatſoever be the cauſe. - For — "my 

we mult learn, from the phænomena of Nature, what bodies at- It. 

tract one another, and what are the laws and properties of the bi 
attraction, before we enquire the cauſe by which the attraction is „ q 

| performed. The attractions of gravity, magnetiſm and electri- MM 
| city, reach to very ſenſible diſtances, and ſo have been obſerved f 5 
f by vulgar eyes; and there may be others which reach to ſo ſmall "hp 
diſtances as hitherto eſcape. obſervation ; and perhaps electrical | Ui 
attraction may reach to ſuch ſmall diſtances, even without being 188 
˖ excited by friction. <1: e | 4 
R For when ſalt of ' tartar runs per deliquium, is not this done by | | 
; an attraction. between the particles of the ſalt of tartar, and the ö Wi 
particles of the water, which float in the air in the form of va- * k 

pours? And why does not common ſalt, or ſalt-petre, or vitriol, 1 
N run per deliquium, but for want of fuch an attraction? Or why 0 
k does not {alt of tartar draw more water out of the air, than in a ii ; 
0 certain proportion to its quantity, but for want of an attractive bi. 
x force after it is ſatiated with water? And whence is it but from "Ml 
q this Attractive power that water, which alone diſtills with a gen- au 
1 tle luke warm heat, will not diſtill from ſalt of tartar without a : 9 
e great heat? And is it not from the like Attractive power between $ 
d the particles of oil of vitriol and the particles of water, that oil | 9 
Fil 
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fo poured ſucceſſively into the ſame veſſel, grow very hot in the 
* circiter ſeptem vel octo minutorum fpatio pervenit. Et in ipſo radiorum contactu, eorum vis 
8 multo adhuc major efſe poteſt. Tanta autem vis in radiis non poteſt non ingentes effectus obtinere 


in illis materiæ particulis, quibuſcum in corporibus componend's conjuncti ſint; ad efficiendum, 
um ut particulæ illæ ſe invicem attrahant, & inter ſe moveantur. Quæ res ut melius intelligatur, 


1 Wezſtionem ſequentem proponam. | 

at- All this was omitted in the ſecond Engliſp, and all the ſucceeding editions. The Rule given for 
.nte | comparing the accelerative attraction of the rays of Light with the accelerative force of Gra- 
1am Vit) is erroneous ; our Author having put the ſimple inſtead of the duplicate proportion of the 
oci- velocities. For if corpuſcles deſcribe orbits about two different centers; when the radii drawn. 
7 to thoſe centers are equally inclined to the curves, the accelerative forces will bear to each other a 
ec Proportion, which will be compounded of the duplicate proportions of the velocities, and the 
cor- Proportion' of the curvatures. The moſt ſimple caſe of this Theorem, which is when the radius, 
nem dn to the center of the forces in each orbit, is perpendicular to the curve, is demonſtrated in my 
rum otes upon the xxv111th Propofition-of the third Book of the Principia. And from the demon- 
ram ation of that caſe, the Mathematical Reader will perceive the truth of the general Propoſition. 
citer | 4 7 ; 
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mixing, does not this heat argue a great motion in the parts of 
the liquors? And does not this motion argue, that the parts of the 
two liquors, in mixing, coaleſce with violence; and by conſe- 
quence, ruſh towards one another with an accelerated motion 
And when aqua fortis, or ſpirit of vitriol, poured upon filings of 
iron, diffolves the filings with a great heat and ebullition, is not 
this heat and ebullition effected by a violent motion of the parts? 


And does not that motion argue, that the acid parts of the liquor 


ruth towards the parts of the metal with violence, and run for- 
cibly into its. pores, till they get between its outmoſt particles and 
the main maſs of the metal, and ſurrounding thoſe particles 
looſen them from the main maſs, and ſet them at liberty to float 
off into the water? And when the Acid particles, which alone 
would diſtill with an eaſy heat, will not ſeparate from the parti- 
cles of the metal without a very violent heat, doth not this con- 
firm the attraction between them? 


When ſpirit of vitriol, poured upon common ſalt, or falt-pe- 


tre, makes an ebullition with the falt and unites with it; and in 
. diſtillation the ſpirit of the common alt or ſalt-petre comes over 


much eaſier than it would do before; and the acid part of the 


ſpirit of vitriol ſtays behind ; does not this argue, that the fixed 


alcaly of the ſalt attracts the via ſpirit of the vitriol more ſtrong- 
ly than its own ſpirit; and not being able-to hold them both, lets 
go its own ? And when oil of vitriol is drawn off from its weight 


of nitre, and from both the ingredients a compound ſpirit of nitre 


is diſtilled, and two parts of this ſpirit are poured on one part of 
oil of cloves or caraway ſeeds, or of any ponderous oil of Vege- 
table or Animal ſubſtances, or oil of turpentine thickened with 
a little balſam of ſulphur, and the liquors grow ſo very hot in 
mixing, as preſently to ſend up a burning flame : does not this 
very great and ſudden heat argue, that the two liquors mix with 
violence ; and that their parts, in mixing, run towards one an- 
other with an accelerated motion, and claſh with the greateſt 
force? And is it not for the ſame reaſon that well rectified ſpirit 
of wine, poured on the ſame compound ſpirit, flaſhes ; and that 
the Pulvis fulminans, compoſed of ſulphur, nitre, and ſalt of 
tartar, goes off with a more ſudden and violent exploſion than 
» gun- 
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gun- powder; the Acid ſpirits of the ſulphur and nitre ruſhing Atwagiens. 
towards one another, and. towards the ſalt of tartar, with ſo great 
a violence, as by the ſhock to turn the whole at once into vapour 
and flame? Where the diſſolution is ſlow,. it makes a ſlow ebul-- 
lition and a gentle heat; and where it is quicker, it makes a 
greater ebullition- with more heat; and where it is done at once, 
the ebullition is contracted into a ſudden blaſt or violent explo- 
ſion, with a heat equal to that of fire and flame. So when a 
drachm of the above-mentioned compound ſpirit of nitre was 
poured upon half a drachm of oil of. caraway ſeeds in vacuo z. 

the mixture immediately made a flaſh like gun-powder, and burſt 
the exhauſted receiver, which was a glaſs fix inches wide, and: 
eight inches deep. And even the groſs body of ſulphur pow- 
dered, and with an equal weight of iron filings, and a little wa- 
ter made into paſte, acts upon the iron; and in five or ſix hours 
grows too hot to be touched, and emits a flame: And by theſe 
experiments, compared with the great quantity of ſulphur with 
which the earth abounds, and the warmth of the interior parts 
of the earth, and hot ſprings, and burning mountains, and with. 
damps, mineral corruſcations, earthquakes, hot ſuffocating exha- 
lations, hurricanes and ſpouts; we may learn, that ſulphureous.. 
ſteams abound in the bowels of the earth and ferment with mi- 
nerals, and ſometimes take fire with a ſudden corruſcation and ex- 
ploſion ; and if pent. up in ſubterraneous-caverns, burſt the ca-- 
verns with a great ſhaking of the earth, as in ſpringing of a. 
mine. And then the vapour, generated by the exploſion, ex- 
piring through the pores of the earth, feels- hot and ſuffocates; 
and makes tempeſts and hurricanes; and ſometimes cauſes the 
land to ſlide, or the ſea to boil; and carries up the water thereof 
in drops, which by their weight fall down again in ſpouts. Alſo 
ſome ſulphureous ſteams, at all times when the earth is dry, aſ- 
cending into the air, ferment there with Nitrous acids; and, ſome- 
times taking fire, cauſe lightning and thunder, and fiery me- 
teors. For the air abounds with acid vapours fit to promote fer- 
mentations; as appears by the ruſting of iron and copper in it, 
the kindling of fire by blowing, and the beating of the heart by 
mean? of reſpiration. Now the above-mentioned motions are ſo 
great 
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great and violent, as to ſhew that in fermentations, the particles 


of bodies which almoſt reſt, are put into new motions by a very 


potent principle, which acts upon them only when they approach 
one another, -and cauſes them to meet and claſh with great yio. 
lence, and grow hot with the motion, and daſh one another into 
pieces, and vaniſh into air, and vapour, and flame. 

When ſalt of .tartar per deliquium, being poured into the ſolu- 
tion of any metal, precipitates the metal, and makes it fall down 
to the bottom of the liquor in the form of mud: does not this 
argue, that the Acid particles are attracted more ſtrongly by the 
ſalt of tartar than by the metal, and by the ſtronger attraction go 


From the metal to the ſalt of tartar? And ſo when a ſolution of 


iron in Aqua fortis diſſolves the Lapis Calaminaris, and lets go the 
iron; or a folution of cepper diſſolves iron immerſed in it, and 
lets go the copper; or a ſolution of ſilver diſſolves copper, and 
lets go the filver.; or a ſolution of mercury in Aqua forts, being 


poured upon iron, copper, tin or lead, diſſolves the metal and 


lets go the mercury:: does not this argue, that the Acid particles 


of the Agua fortis are attracted more ſtrongly by the Lapis Cala- 
minaris than by iron; and more ſtrongly by iron, than by cop- 


per; and more ſtrongly by copper, than by ſilver; and more 
ſtrongly by iron, copper, tin and lead, than by mercury? And is 
it not for the ſame reaſon that iron requires more Aqua fort:s to 
diſſolve it than copper, and copper more than the other metals; 
and that of all metals, iron is diſſolved moſt e and is moſt 
.aptito ruſt; and next after iron, copper? 

When oil of vitriol is mixed with a little water, or is run n per 
deliquium, and in diſtillation the water aſcends difficultly, and 


brings over with it ſome part of the oil of vitriol in the form of 


ſpirit of vitriol, and this ſpirit being poured upon iron, copper, 


or ſalt of tartar, unites with the body and lets go the water: 


doth not this ſhew, that the Acid ſpirit is attracted by the water, 
and more attracted by the Fixed body than by the water, and 
therefore lets go the water to cloſe with the fixed body? And is it 


not for the ſame reaſon that the water and Acid ſpirits, which are 


mixed together in vinegar, Agua fortis, and ſpirit of ſalt, cohere 


and riſe together in diſtillation ; but if the nenſtruum be poured 
: on 


0a FT. 10:4 2487 
on ſalt of tartar, or on lead or iron, or any Fixed body which it AttraQtions.. 
can diſſolve, the acid by a ſtronger attraction adheres to the body, 
and lets go the water? And is it not alſo from a mutual attrac-- 
tion, that the ſpirits of ſoot and ſea-ſalt unite. and compoſe the 
particles of ſal-armoniae; which are leſs volatile than before, be- 
cauſe groſſer and freer from water; and that the particles of. ſal» 
armoniac in ſublimation carry up the particles of antimony;. 
which will not ſublime alone; and that the particles of mercury, 
uniting with the acid particles of ſpirit of ſalt, compoſe mercury 
ſublimate; and with the particles of ſulphur, compoſe cinnabar;. 
and that the particles of ſpirit. of wine and ſpirit of urine well. 
rectified unite; and, letting go the water which diſſolved them, 
compole a conſiſtent body; and that in ſubliming cinnabar from 
ſalt of tartar, or from quick lime, the ſalphur, by a ſtronger at- 
traction of the ſalt or lime, lets go the mercury, and ſtays with 
the fixed body; and that when mercury ſublimate is ſublimed 
from antimony, or from regulus of antimony, the ſpirit of ſalt 
lets go the mercury, and unites with the antimonial metal, which 
attracts it more ſtrongly; and ſtays with it, till the heat be great 
enough:to make them both aſcend together; and then carries up 
the metal with it in the form of a very fuſible ſalt, called butter 
of antimony; although the ſpirit of ſalt alone be almoſt as vola- 

tile as water, and the antimony alone as fixed as lead ?. 

When Agua fortis diſſolves ſilver and not gold, and Aqua regia: 
diſſolves gold and not. ſilver; may it not be ſaid, that Agua fortis is 
ſubtile enough to penetrate gold. as well as ſilver, . but wants the 
Attractive force to give it entrance; and.that Agua regia is ſub- 
tile enough to penetrate ſilver as well as gold, but wants the At- 
tractive force to give it entrance? For Agua regia is nothing elſe 
than Agua fortis mixed with ſome ſpirit of ſalt, or with ſal-ar- 

moniac; and even common ſalt, diſſolved in 4qua fortis, enables ; 
the menſtruum to diflolve gold, though the ſalt be a. groſs body. 
When therefore ſpirit of. ſalt precipitates ſilver out of Aqua for- 
5; is it not done by attracting and mixing with the Agua fortis, 
and not attracting, or perhaps repelling ſilver? And when water 
precipitates. antimony out of. the ſublimate of antimony and fſal-- 
Amoniac, or out of. butter. of. antimony ; is it not done by its 
h diflolving,. 
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_ diſſolving, mixing with, and weakening the ſal · armoniac or ſpi- 


rit of ſalt, and its not attracting, or perhaps repelling the anti. 
mony? And is it not for want of an Attractive virtue between 
the parts of water and oil, of quick- ſilver and antimony, of lead 
and iron, that theſe ſubſtances do not mix; and by a weak at. 
traction, that quick-filver and copper mix difficultly; and from 
a ſtrong one, that quick-filver and tin, antimony and iron, water 
and falts, mix readily ? And in general, is it not from the ſame 
Principle that heat congregates deere RN bodies, and A 
heterogeneal ones? 

When arſnick with ſoap gives a regulus, and with mercury 
ſublimate a volatile fuſible ſalt, like butter of antimony ; doth not 


this ſhew, that arſnick, which is a ſubſtance totally volatile, i 
compounded of fixed and volatile parts, ftrongly cohering by a 


mutual attraQtion, ſo. that the volatile will not aſcend without car- 
Tying up the fixed? And fo, when an equal weight of ſpirit of 


wine and oil of vitriol are digeſted together, and in diſtillation 
yield two fragrant and volatile ſpirits, which will not mix with 
one another, and a fixed black earth remains behind; doth not 


this ſhew, that oil of vitriol is compoſed of volatile and fixed 
parts ſtrengly united by attraction, ſo as to aſcend together in 
form of a volatile, acid, fluid ſalt, until the ſpirit of wine attradts 
and ſeparates the volatile parts from the fixed ? And therefore, 
ſince oil of ſulphur per campanam is of the ſame nature with 


oil of vitriol, may it not be inferred, that ſulphur is alſo a mix · 


ture-of volatile and fixed parts ſo ſtrongly cohering by attraction, 
as to aſcend together in ſublimation. By diſſolving flowers of 
Tulphur in oil of turpentine,” and diſtilling the ſolution, it 1 
found that ſulphur is compoſed of an inflammable thick oil ot 


fat bitumen, an acid ſalt, a very fixed earth, and a little metal. 
The three firſt were found not much unequal to one another, the 


Fourth in ſo ſmall a quantity as ſcarce to be worth confidering. 
The Acid ſalt, diſſolved in water, is the ſame with oil of ſul 
Phur per campanam; and abounding much in the bowels of the 
earth, and particularly in markaſites, ; unites itſelf to the other 
ingredients of the markaſite, which are, bitumen, iron, copper 


and earth, and with them compounds alume, vitriol and 
Wit 
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with the earth. alone it compounds alum; with the metal alone, Attrations., 
or metal and earth together, it compounds vitriol$g and with the 
bitumen and earth it compounds ſulphur. Whence it comes to 
paſs, t that markaſites abound with thoſe three minerals. And is ib 
not from the mutual attraction of the ingredients, that they ſtick: 
together for compounding theſe minerals, and that the bitumen 
carries up the other ingredients of the ſulphur, which without 
it would not ſublime? And the ſame queſtion may be put con- 
cerning all, or almoſt all the groſs bodies in nature. For all the 
parts of animals and vegetables are compoſed of ſubſtances _ 
tile and fixed, fluid and ſolid, as appears by their analyſis ;- 
ſo are ſalts and minerals, ſo far as chennlls; r. been — 
able to! examine their compoſition. oel. Arn WT 
When mercury | ſablimate 1 is re-ſablimed with: freſh — 
becomes mercurius dulcis, which is a white taſteleſs earth ſcarce 
diſſolvable in water; and gnercurius dulcis, re- ſublimed with ſpirit 
of ſalt, returns into mercury ſublimate; and when metals, cor- 
roded with a little Acid, turn into ruſt, which is an earth taſte- 
| leſs and indiſſolvable in water; 3+ and this earth, imbibed with more 


. 
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d acid, becomes a metallic ſalt; and when ſome ſtones, as ſpar of 
n lead, diflolyed in proper menſlruums, become ſalts: do not theſe 
s things ſhew, that ſalts. are dry earth and watery acid united by at- 
a tradtion; and that the earth will not become, a ſalt; without ſo. 
h 


much acid as makes it diſſolvable in water? Do not the ſharp and 
pungent taſtes of acids ariſe from the ſtrong attraction, whereby 
the acid particles ruſn upon and agitate the particles of the 


of tongue? And when metals are diſſolved in acid menſiruums, and 

i3 the acids, in conjunction with the metal, act after a different. 
Or manner; fo that the compound has a different taſte, much milder 5 
l. than before, and ſometimes a ſweet one: is it not becauſe the 

*. ads adhere to the metallic particles, and thereby loſe much of 
g. their activity? And if the acid be in too ſmall a proportion to 
U- make the compound diſſolvable in water, will it not, by adhering. 

he ſtrongly to the metal, become unacti ve and loſe its taſte, and the; 
er compound be a taſteleſs earth? For ſuch things, as are not diſſolv- 
er able FO the moles ig the agu. act not upon the taſte: 
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As gravity makes the ſea flow round the denſer and weightier 
parts of the globe of the earth; ſo the attraction may make the 
watery acid flow round the denſer and compacter particles of 
earth, for compoſing the particles of ſalt. For otherwiſe the 
acid would not do the office of a medium between the earth and 
common water, for making ſalts diflolvable in the water; nor 
would ſalt of tartar readily draw off the acid from diſſolved me- 
tals, nor metals the acid from mercury. Now as in the great 
globe of the earth and ſea, the denſeſt bodies by their gravity fink 
down in water, and always endeavour to go towards the center of 
the globe; ſo in particles of ſalt, the denſeſt matter may always 
endeavour to approach the center of the particle : : ſo that a parti. 
cle of ſalt may be compared to a chaos; being denſe, Hard, dry, 
and earthy in the center; ad rare, ſoft, moiſt, and watery in the 
circumference. And hence it ſeems to be, that ſalts are of a 
laſting nature, being. ſcarce deſtroyed, unleſs by drawing away 
their watery parts by violence, or by letting them ſoak into the 
pores of the central earth by a gentle heat in putrefaction, until 
the earth be diſſolved by the water, and ſeparated into ſmaller 
particles; which, by reaſon of their ſmallneſs, make the rotten 
compound appear of a black colour. Hence alſo it may be, that 
the parts of animals and vegetables preſerve their forms, and af- 
ſimilate their nouriſhment; the ſoft and moiſt nouriſhment eably 
changing its texture by a gentle heat and motion, till it becomes 
like the denſe, hard, dry, and durable earth in the center of each 
particle. But when the nouriſhment grows unfit to be aſſimi- 
lated, or the central earth grows too feeble to alſimilate i the 
motion ends in confuſion, putrefaction and death, LE 
Ik a very ſmall quantity of any falt or vitriol be diffolved in a 
great quantity of water, the particles of the ſalt or vitriol will 
not ſink to the bottom, though they be heavier 1 1n ſpecie than the 
water; but will-evenly diffuſe themſelves into ali the water, {0 
as to make it as ſaline at the top as at the bottom. And does not 
this imply, that the parts of the ſalt or vitriol recede from one 
another, and endeavour to expand themſclves, and get as far 
aſunder as the quantity of water, in which they float, will al- 


iow ? And does not this endeavour imply, that they have a Re- 
j A pulſive 
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pulſive force by which they fly from one another; or, at leaſt, Atraftions. 


that they attract the water more ſtrongly than they do one an- 


other? For as all things aſcend in water, which are leſs attracted 


than water, by the gravitating power of the earth ; ſo all the 


particles of ſalt which float in water, and are leſs attracted than 
water by any one particle of ' ſalt, muſt recede from that n 


and give way to the more attracted water. 


When any ſaline vapour is evaporated to a cuticle and let cool, 
the ſalt concretes in regular figures; which argues, that the par- 
ticles of the ſalt, before they concreted, floated in the liquor at 
equal diſtances in rank and file, and by conſequence that they 
acted upon one another by ſome power, which at equal diſtances 
is equal, at unequal diſtances unequal. For by ſuch a power 
they will range themſelves uniformly, and without it they will 
float irregularly, and come together as irregularly. And ſince 
the particles of iſland cryſtal act all the ſame way upon the rays 
of light, for cauſing the unuſual refraction ; may it not be ſup- 
poſed, that in the formation of this cryſtal, the particles not only 
ranged themſelves in rank and file for concreting in regular fi- 
gures, but alſo, by ſome kind of polar virtue, turned their ho- 
mogeneal ſides the ſame way ? 

The parts of all homogeneal hard bodies, which fully touch 
one another, ſtick together very ſtrongly. And for explaining 
how this may be, ſome have invented hooked atoms, which is 
begging the queſtion; and others tell us, that bodies are glued 
together by Reſt; ; that is, by an occult quality, or rather by no- 
thing (dd): and others, that they ſtick together by conſpiring 
motions, that is, by relative Reſt amongſt themſelves. I had ra- 
ther infer from their coheſion, that their particles attract one an- 
other by ſome force, which in immediate contact is exceeding 
ſtrong, at ſmall diſtances performs the Chemical operations above- 
mentioned, and reaches-not far from the enn with au fen- 
ſible effet. + mwah 5 

All 3 3 to be coitip6ſed of bard 3 IF PIE 3 
wiſe fluids would not con geal; as water, oils, vinegar, and ſpirit 
or oil of vitriol do by freezing ; - mercury, by. fumes of lead; ſpi- 

1) na reſt== by nothing.J—=Quiete ; hoc eſt plane nihilo. Dr. Clarke's fivib Litin, - 8 
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rit of nitre and mereury, by diffolving the mercury and evapg. 


rating the flegm; fpirit of wine and ſpirit of urine, by deflegm. 
ing and mixing them; and ſpirit of urine and ſpirit of ſalt, by 
ſubliming them together to make ſal-armoniac. Even the rays 
of light ſeem to be hard bodies; for otherwiſe they would not 
retain different properties in their different ſides. And therefore 
hardneſs may be reckoned the property of all uncompounded 


matter. At leaſt, this ſeems to be as evident as the univerſal im. 


penetrability of matter. For all bodies, ſo far as experience 


reaches, are either hard, or may be hardened; and we have no 


other evidence of univerſal impenetrability, beſides a large expe- 
rience without an experimental exception. Now if compound 


bodies are fo very hard as we find ſome of them to be, and yet 


are very porous, and conſiſt of parts which are only laid toge- 
ther ; the ſimple particles which are void of pores, and were ne- 


ver yet divided, muſt be much harder. For ſuch hard particles 


being heaped up together, can ſcarce touch one another in more 


than a few points; and therefore muſt be ſeparable by much lefs 


force, than is requiſite to break a ſolid particle, whoſe parts touch 


in all the ſpace between them, without any pores or interſtices 


to weaken their coheſion. And how ſuch very hard particles, 


which are only laid together, and touch only in a few points, can 


ſtick together, and that ſo firmly as they do, without the afliſt- 
ance of ſomething which cauſes: them to be attracted or preſſed 
towards one another, is very difficult to conceive. 
The ſame thing U infer alſo from the cohering of two polithed 
marbles in Yacuo; and from the. ſtanding f quick-ſilver in the 
barometer at the height of go, 60 or 7o inches, or above, when- 
ever it is well purged of air and carefully poured in, ſo that its 
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modo illud ſubſidit quidem, ſi vitrum ſuęcutjatur, ageggue argentum vivum à fe disjung It bye 
argentum vwum habeat ia ſe bullulas aliquias/dTris, quæ impediant, quo minũs partes ejus col. 
tingant, & eohæreant inter ſe. Atque etiam idem experimentum obſervatum fuit in aqua, ab om 
prius acce probe depurgati, Quum argentum vivum congelatum fit fumis plumbi, vel aqua fri- 
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arts be every where contiguous both to one another and to the Attraftions, 
glaſs (e). The atmoſphere by its weight preſſes the quick-filver 
into the glaſs, to the height of 29 or 30 inches. And ſome other 
agent raiſes it higher, not by preſſing it into the glaſs, but by 
making its parts ſtick to the glaſs, and to one another. For upon 
any diſcontinuation of parts, made either by bubbles or by ſhak- 
ing the glaſs, the whole mercury falls down to the height of 29 
or 30 inches. ee d rg i 
And of the ſame kind with theſe experiments are thoſe that 
follow (Ff). If two plane poliſhed plates of glaſs (ſuppoſe two 
pieces of a poliſhed looking-glaſs) be laid together, ſo that their 
ſides be parallel, and at a very fmall diſtance from one another, 
and then their lower edges be dipped into water, the water will 
riſe up between them. And the lefs the diſtance of the glaſs is, 
the greater will be the height to which the water will rife. If the 
diſtance be about the hundredth part of an inch, the water will \ 
riſe to the height of about an inch; and if the diſtance be greater 
or leſs in any proportion, the height will be reciprocally propor- 
tional to the diſtance very nearly. For the attractive force of the 
glaſſes is the ſame, whether the diftance between them be greater 
or leſs; and the weight of the water drawn up is the ſame, if 
the height of it be reciprocally proportional to the diſtance of the 
glaſſes. And in like manner, water aſcends between two mar- 
bles, poliſhed plane, when their poliſhed ſides are parallel, and at 
a very ſmall diſtance from one another. And if flender pipes of 
glaſs be dipped at one end into ſtagnating water, the water will 
riſe up within the pipe; and the heighth, to which it ariſes, will be 
reciprocally proportional to the diameter of the cavity of the pipe, 
and will equal the height to which it riſes between two planes of 
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bore, partes liquoris congelati ita cohærent, ut corpus durum conſtituant. Atque experiment 
duidem jam memorato, de liquoribus in barome tro ad tam inſolitam uſque altitudinem ſiſpenſis, 
11 Par tes corporum etiam fiuidorum cohærere inter ſe. Unde fac ite intelligi poteſt, quæcuñ- 
be 8 cauſa efficiat ut partes Glaciei & NMetallorum durorum cohæreant inter ſe, eandem iti. 
tug ak ut partes eorundem corporum etiam lique factorum coh#reant * licet fortaſſis minus” 

N i am particulz quidem N lique factorumiiute r ſe huc luc perpetuo.ſublabuntur. 
give. jt © ſecond Englih, ang all! the ſacceedfog cditions, the paragraph appeared as we now. 

Br | fg „ Abagi FI is 43% 81 TY 4 5 | 1 * | 
115 ) And of the ſame kind with theſe experiments, Qc.] Nothing of all'that follows to the worde, 

Vat) to find them out; was in tlie firſt Latin of Dr. Clarke, But the whole firſt appeared in the 
ſecond Eng liſb. : Jö; oe TER. EW | | 
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the diſtance between the planes, or thereabouts. And theſe ex. 
periments ſucceed after the ſame manner in YVacuo as in the open 
air (as hath been tried before the Royal Society) and therefore are 


not influenced by the weight or preſſure of the atmoſphere, 


And if a large pipe of glaſs be filled with fifted aſhes, well 
preſſed together in the glaſs, and one end of the pipe be dipped 
into ſtagnating water; the water will riſe up flowly in the aſhes, 
ſo as in the ſpace of a week or fortnight to reach up within the 
glaſs, to the height of 30 or 40 inches above the ſtagnating wa- 
ter. And the water riſes up to this height by the action only of 
thoſe particles of the aſhes, which are upon the ſurface of the 
elevated water; the particles which are within the water, attrad 
ing or repelling it as much downwards as upwards. And there- 
fore the action of the particles is very ſtrong. But the particles 


of the aſhes being not ſo denſe and cloſe together as thoſe of glaſs, 


their action is not ſo ſtrong as that of glaſs; which keeps quick- 
ſilver ſuſpended to the height of 60 or 70 inches, and therefore 
acts with a force, which would keep water ſuſpended to the height 
of above 60 feet. 

By the ſame principle a ſponge ſacks in water; and the gland 
in the bodies of animals, according to their ſeveral natures and 
diſpoſitions, ſuck in various juices from the blood. | 

If two plane poliſhed plates of glaſs three or four inches broad, 


and twenty or twenty-five long, be laid, one of them parallel to 


the horizon, the other upon the firſt, ſo as at one of their ends 
to touch one another, and contain an angle of about 10 or 15 
minutes; and the fame; be firſt moiſtened, on their inward ſides, 
with a clean cloth dipped into oil of oranges or ſpirit of turpen- 
tine; and a drop ortwo of the oil or ſpirit be let fall upon the 
lower glaſs at the other end; fo ſoon as the upper glaſs is laid 
down upon the lower, ſo as to touch it at one end, as above, and 


to touch the drop at the other end, making with the lower glaſs an 


angle of about 10 or 15 minutes; the drop will begin to move 


towards the concourſe of the glaſſes, and will continue to move 
with 


(er) That is, a weight of 547 or 820 Il. or upon an average 53 cur. taking the weight 5 
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to with an accelerated motion, till it arrives at that concourſe of the Atragions. 

X glaſſes. For the two glaſſes attract the drop, and make it run 

NN that way, towards which the attractions incline. And if, when 5 

re the drop is in motion, you lift up that end of the glaſſes where p! 

they: meet, and towards which the drop moves, the drop will aſ- 3 

]] cend between the glaſſes, and therefore is attracted. And as you 4 | 

a lift up the glaſſes more and more, the drop will aſcend flower and 1 

8 flower, and at length reſt; being then carried downward by its | 

le weight, as much as upwards by the attraction. And by this. N | 

2 means you may know the force, by which the drop is attracted Wl 

of at all diſtances from the concourſe of the glaſſes. [4 

We Now by ſome experiments of this kind (made by Mr. Hawk/by) [l 

* it has been found that the attraction is almoſt reciprocally in a. Il 

e- duplicate proportion of the diſtance of the middle of the drop "I 

es from the concourſe of the glaſſes, viz. reciprocally in a ſimple Wl 

55 proportion, by reaſon of the ſpreading of a drop, and its touch- ; | 

K ing each glaſs in a larger ſurface ; and again reciprocally in a \M 

re ſimple proportion, by reaſon of the attractions growing ſtronger "Ml 

ht within the ſame quantity of attracting ſurface. The attraction: "A 
therefore, within the ſame quantity of attracting ſurface, is reci- 4 

d procally as the diſtance between the glaſſes. And therefore where a 

1d the diſtance is exceeding ſmall, the attraction muſt be exceeding. 9 
great. By the Table in the ſecond Part of the ſecond Book, bl 

ch wherein the Thickneſs of coloured plates of water between two i 

to glaſſes ate ſet down, the Thickneſs of the plate, where it appears | 

ls very black, is three-eighths of the ten hundredth thouſandth: | 

5 part of an inch. And where the oil of oranges between the _ 

85 glaſſes is of this thickneſs, the attraction, collected by the fore * 

N- going rule, ſeems to be ſo ſtrong, as within a circle of an inch 

he in diameter, to ſuffice to hold up a weight equal to that of a cy- 

id linder of Water of an inch in diameter, and two. or three furlongs 

1d in length (88), And where it is of a lefs thickneſs, the attrac- 

an lon may be proportionally greater, and continue to increaſe, un- 

ve til the thickneſs do not excecd that of a ſingle particle of the 

ve oil. There are therefore agents in Nature able to make the par- 

th 


cubic = of water, as it is flared in the Principia, Lib. II. Sect, vIII. Schol, 
Ff 3 ; 5 4 | | | 
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ticles of bodies ſtick together by very ſtrong attractions. And it 
is the buſineſs of Experimental Philoſophy to find them out. 

Now the ſmall particles of matter may cohere by the ſtrongeſt 
attractions, and compoſe bigger particles of weaker virtue; and 
many of theſe may cohere and compoſe bigger particles, whoſe 
virtue 1s ſtill weaker; and ſo on for divers ſucceſſions, Until the 
progreſſion end in the biggeſt particles, on which the: operations 
in chemiſtry, and the colours of Natural bodies depend; and 
which, by adhering, compoſe bodies of a ſenſible magnitude. 
If the body is compact, and bends or yields inward to preſſion 
without any ſliding of its parts, it is Hard and Elaſtick, return. 
ing to its figure with a force riſing from the mutual attraction of 
its parts. If the parts ſlide upon one another, the body is Mal- 
leable or Soft. If they {lip eaſily, and are of a fit ſize to be agi- 
tated by heat, and the heat is big enough to keep them in agita- 
tion, the body is Fluid; and if it be apt to ſtick to things, it is 
Humid; and the drops of every Fluid affect a round figure, by 
the mutual attraction of their parts, as the globe of the eart! 
and ſea affects a round figure, by the mutual attraction of its parts 
by gravity. ow „„ 

Since metals diſſolved in acids attract but a ſmall quantity of the 
acid, their Attractive force can reach but to a ſmall diſtance from 
them. And as in Algebra, where Affirmitive quantities vaniſh 
and ceaſe, there Negative ones begin; ſo in Mechanicks, where 
Attraction ceaſes, there a Repulſive virtue ought to ſucceed. And 


that there is ſuch a virtue, ſeems to follow from the reflexions 


and inflexions of the rays of light. For the rays are repelled 
by bodies, in both theſe caſes, without the immediate contact of 
the reflecting or inflecting body. It ſeems alſo to follow from 
the emiſſion of light ; the ray, ſo ſoon as it is ſhaken off from 
a ſhining body by the vibrating motion of the parts of the body, 
and gets beyond the reach of attraction, being driven away with 
exceeding great velocity. For that force, which is ſufficient to 
turn it back in reflexion, may be ſufficient to emit it. It * 

alſo 


quantity for guantity.] Here followed in Dr. Clarke's firſt Latin. Ex eo, quod P 4 
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alſo to follow from the production of air and vapour: the par- Atrattions. 


ticles, when they are ſhaken off from bodies by heat or fermen- 
tation, ſo ſoon as they are beyond the reach of the attraction of 
the body, receding from it, and alſo from one another, with great 
ſtrength; and keeping at a diſtance, ſo as ſometimes to take up 


above 2 million of times more ſpace than they did before, in the 


form of a denſe body. Which vaſt contraction and expanſion 
ſeems unintelligible, by feigning the particles of air to be ſpringy 
and ramous, or rolled up like hoops, or by any other means than 
a Repulſive power. The particles of fluids, which do not co- 
here too ſtrongly, and are of ſuch a ſmallneſs as renders them 
moſt ſuſceptible of thoſe agitations which keep liquors in a fuor, 
are molt eaſily ſeparated and rarified into vapour; and in the lan- 
guage of the chemiſts, they are volatile, rarifying with an eaſy 


heat, and condenſing with cold. But thoſe which are grofler, 


and ſo leſs ſuſceptible of agitation, or cohere by a ſtronger at- 


traction, are not ſeparated without a ſtronger heat, or perhaps 


not without fermentation. And theſe laſt are the bodies, which 
chemiſts call Fixed, and being rarified by fermentation, become 
true permanent air: thoſe particles receding from one another 


with the greateſt force, and being moſt dithcultly brought toge- 


ther, which upon contact adhere moſt ftrongly. And becauie 


the particles of permanent air are groſſer, and ariſe from denſer 


ſubſtances than thoſe of vapours; thence it is that true air is more 
ponderous than vapour, and that a moiſt atmoſphere 1s lighter 
than a dry one, quantity for quantity (“). From the ſame Re- 
pelling power it ſeems to be, that flies walk upon the water with- 


out wetting their feet; and that the object-glaſſes of long tele- 


ſcopes lie upon one another without touching; and that dry pow- 
ders are difficultly made to touch one another ſo as to ſtick toge- 
ther, unleſs by melting them, or wetting them with water, which 
by exhaling may bring them together; and that two poliſhed 
marbles, which by immediate contact ſtick together, are difiicult- 
ly brought ſo cloſe together as to ſtick. 


wg » Premat ſuperſiciem aquæ in quam inferior tubuli demerſa fit extremitas; : d:oque permittat 
— * 10 tubulam alcendat : quæ eſt Philtrationis cauſa, uti olim explicavit D. Hookius, 
9 edem. vi repellenti tribuendum videntur, quod, Muſcæ, &c. 
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vis inertiæ is a paſſive principle, by which bodies perſiſt in their 
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And thus Nature will be very conformable to herſelf, and ve 
ſimple; performing all the great motions of the heavenly bodie, 
by the attraction of gravity, which intercedes thoſe bodies; and 
almoſt all the ſmall ones of their particles, by ſome other Attrac. 
tive and Repelling powers, which intercede the particles. The 


motion or reſt; receive motion in proportion to the force impreſ 
ſing it, and reſiſt as much as they are reſiſted. By this principle 
alone there never could have been any motion in the world. Some 
other principle was neceſſary for putting bodies into motion; and 
now they are in motion, ſome other principle is neceſſary for 
conſerving the motion. For from the various compoſition of two 
motions, it is very certain that there is not always the ſame Quan. 
tity of motion in the world. For if two globes, joined by a 
{lender rod, revolve about their common center of gravity with 
an uniform motion, while that center moves on uniformly in a 
right line drawn in the plane of their circular motion ; the ſum 
of the motions of the two globes, as often as the globes are in 
the right line deſcribed by their common center of gravity, will 
be bigger than the ſum of their motions, when they are 1n a line 
perpendicular to that right line (ii). By this inſtance it appears, 
that motion may be got or loſt. But by reaſon of the tenacity of 
fluids, and attrition of their parts, and the weakneſs of elaſticity 
in ſolids, motion is much more apt to be loſt than got, and is al- 
ways upon the decay. For bodies, which are either abſolutely 
hard, or ſo ſoft as to be void of elaſticity, will not rebound from 
one another. Impenetrability makes them only ſtop. If two 
equal bodies meet directly ix Yacruo, they will, by the laws of mo- 
tion, ſtop where they meet, and loſe all their motion, and re- 
main in reſt; unleſs they be Elaſtick, and receive new motion 
from their ſpring. If they have ſo much elaſticity as ſuffices to 
make them rebound with a quarter, or half, or three-quarters of 
the force with which they come together, they will loſe three- 
quarters, or half, or a quarter of their motion. And this wn 
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G6) The contrary ſeems to be true; that the ſum of the motions will be the greateſt, when 
the rod connecting the revolving bodies is perpendicular to the right line, along which the com 


mon center of gravity is moved. But in either way the different quantity of that ſum ef — 
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be tried, by letting two equal pendulums fall againſt one another o peventthe 
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from equal heights. If the pendulums be of lead or ſoft clay, 
they wall loſe all, or almoſt all, their motions : if of Elaſtick bo- 
dies, they will loſe all but what they recover from their Elaſti- 
city (&&). If it be ſaid, that they can loſe no motion, but what 
they communicate to other bodies; the conſequence is, that 2 
yacuo they can loſe no motion, but when they meet, they muſt 
go on and penetrate one another's dimenſions (*. If three equal 
round veſſels be filled, the one with water, the other with oil, the 
third with molten pitch, and the liquors be ſtirred about alike to 
give them a vortical motion; the pitch, by its tenacity, will loſe 
its motion quickly; the oil, being leſs tenacious, will keep it 
longer; and the water, being leſs tenacious, will keep it longeſt, 
but yet will Joſe it in a ſhort time. Whence it is eaſy to under- 
ſtand, that if many contiguous vortices of molten pitch were 
each of them as large as thoſe, which ſome ſuppoſe to revolve 
about the ſun and fixed ſtars; yet theſe, and all their parts, would, 
by their tenacity and ſtiffneſs, communicate their motion to one 
another, till they all reſted among themſelves. Yorzices of oil or 
water, or ſome fluider matter, might continue longer in motion ; 
but unleſs the matter were void of all tenacity and attrition of 
parts, and communication of motion (which is not to be ſuppoſed) 
the motion would conſtantly decay. Seeing therefore the variety of 
motion, which we find in the world, is always decreaſing; there is 
a neceſſity of conſerving and recruiting it by active principles: 
ſuch as are the cauſe of gravity, by which planets and comets 
keep their motions in their orbs, and bodies acquire great motion 
in falling; and the cauſe of fermentation, by which the heart 
and blood of animals are kept in perpetual motion and heat; the 
inward parts of the earth are conſtantly warmed, and in ſome 
Places grow very hot ; bodies burn and ſhine; mountains take 
fire; the caverns of the earth are blown up; and the ſun conti- 
nues violently hot and lucid, and warms all things by his light. 
For we meet with very little motion in the world, beſides what 


. theſe two poſitions of the rod, equally makes for our Author's aſſertion, Of which, perhaps, 
P * 5 yet a more ſtriking proof in the prodigious generation of motion by the collifion of Elaſtic 
 vooles in certain arrangements. Vid. Hugen. De Motu Corporum ex percuſſione, 


CE) If it be ſaid—Dimenfioas,] Nothing anſwering to this ſentence in Dr. Clarke's firſt Latin. 
"x wow + 18 


260 WED LL on Book Ill. 
is owing to theſe active principles ((). And if it were not for 
theſe principles, the bodies of the earth, planets, comets, fun, 
and all things in them, would grow cold and freeze, and become 
inactive maſſes; and all putrefaction, generation, vegetation and 
life would ceaſe, and the planets and comets would not remain in 
their orbs. | 

All theſe things being conſidered, it ſeems probable to me, that 
God in the beginning formed matter in ſolid, maſſy, hard, impe. 
netrable, moveable (mm) particles; of iuch ſizes and figures, and 
with ſuch other properties, and in ſuch proportion to ſpace 65 
moſt conduced to the end for which he formed them; and that 
theſe primitive particles being ſolids, are incomparably harder 
than any Porous bodies compounded of them; even ſo very hard, 
as never to wear or break in pieces: no ordinary power being 
able to divide what God himſelf made One, in the firſt creation, 
While the particles continue entire, they may compoſe bodies of 
one and the ſame nature and texture in all ages: but ſhould they 
wear away, or break in pieces, the nature of things, depending 

on them, would be changed. Water and earth, compoſed of old 

worn particles and fragments of particles, would not be of the 

ſame nature and texture now, with water and earth compoſed ot 

entire particles, in the beginning. And therefore that nature 

may be laſting, the changes of corporeal things are to be placed 

only in the various ſeparations, and new aſſociations, and motions 

of theſe permanent particles; compound bodies being apt to 

break, not in the midſt of ſolid particles, but where thoſe parti- 

cles arg laid together, and only touch in a few points. | 

principle. ot It ſeems to me farther, that theſe particles have not only a J 
TT inertia, accompanied with ſuch Paſſive laws of motion as natu- 
rally refult from that force; but alſo that they are moved by cer 

tain Active principles, ſuch as is that of gravity, and that which 

cauſes fermentation, and the coheſion of bodies. Theſe princi- 

ples 


) — theſe aftive principles,} In the firſt Latin of Dr. Clarke the ſentence ſtood thus. Nam 
dinodum paulum motiis in Mundo inveaimus, preterquam quod vel ex his Principiis actuoſis, vel 
ex imperio Voluntatis, manifeſto oritur. The next ſentence, Aud if it were not for theſe Pine: 
ples ot remain in their orbs, does not appear at all in the firſt Latin. | | 

1 impenetrable, moveable.) Impenetrabiles, inertes & mobiles. Dr. Clarke's firſt Latin. 

(®) — to ſpace.]—eoque numero et quantitate pro ratione ſpatii in quo futurum erat what 
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les I conſider not as Occult qualities, ſuppoſed to reſult from the 
ſpecifick forms of things, but as general laws of Nature, by 
which. the things themſelves are formed : their truth appearing 
to us by phenomena, though their cauſes be not yet diſcovered. 
or theſe are manifeſt qualities, and their cauſes only are oc- 

cult (“). And the Ariſtotelians gave the name of Occult quali- 
ties not to manifeſt qualities, but to ſuch qualities only as they 
11;:-0fed to lie hid in bodies, and to be the unknown cauſes of 
minifeſt effects: ſuch as would be the cauſes of gravity, and of 
Magactick and Electrick attractions, and of fermentations, if we 
hond ſuppoſe that theſe forces, or actions, aroſe from qualities 
an nown to us, and uncapable of being diſcovered and made ma- 
micit, Such Occult qualities put a ſtop to the improvement of 
Nataral Philoſophy, and therefore of late years have been re- 
je ed. To tell us, that every ſpecies of things is endowed with 


an occult ſpecifick quality, by which it acts and produces mani- 


feſt effects, is to tell us nothing: but to derive two or three genc- 
ral princyp'es of motion from phenomena, and afterwards to tell 
us how the properties and actions of all corporeal things tollow 


from toſe manifeſt principles, would be a very great ſtep in phi- 


loſophy, though the cauſes of thoſe principles were not yet diſ- 
covered: aud therefore I ſcruple not to propoſe the principles of 
motion above-mentioned, they being of very general extent, and 
leave their cauſes to be found out (PP). 


a61 


Now by the help of theſe principles, all material things ſeem Anion tiger 


to have been compoſed of the hard and ſolid particles above-men- 
tioned; variouſly aſſociated, in the firſt creation, by the counſel of 
an intelligent Agent. For it became Him who created them, to 
ſet them in order. And if he did WT T0 unphiloſophical to 
leek for any other origin of the world, or to pretend that it might 
ariſe out of a chaos by the mere laws of Nature; though being 
once formed, it may continue by thoſe laws for many ages. For 
_ Nrentur, Dr. Clarke's firſt Latia; and fo the ſextence ſtands in Dr. Clarke's ſecond Latin edition, 
Which in moſt places was fo corrected as to agree exactly with the ſecond EAgιν . And to mike 


ſe; fo F . . . . k 1 RF £4 - 
ne of the paſſage, ſomething is evidently wanting here to anſwer to the words of the Lazer, 


77 A 1 » 0 Je. »- _— 712 
c 2% Jalarum erat ut maverentur, For to ſpeak of particles of matter as beæazing proportion t» 
Pace indefin tely, were abſurd. 


O0 7 7 . 
() And the Ariflotelians-———have been rejefted.) Not in Dr. Clarke's firſt Latin. 


(er) and leave their cauſes to be found aut.] Not in Dr. Clarke's firſt Latin. 
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while comets move in very excentrick orbs in all manner of pog. 
tions, blind Fate could never make all the planets move one and 
the ſame way in orbs concentrick, ſome inconſiderable irregula- 
rities excepted, which may have riſen from the mutual actions of 
comets and planets upon one another, and which will be apt to 
increaſe, till this ſyſtem wants a reformation. Such a wonder 
ful uniformity in the planetary ſyſtem muſt be allowed the effeq 
of choice. And ſo muſt the uniformity in the bodies of ani- 
mals, they having generally a right and a left ſide ſhaped alike, 
and on either ſide of their bodies two legs behind, and either two 
arms, or two legs, or two wings before upon their ſhoulders; and 
between their ſhoulders a neck (44) running down into a back- 
bone, and a head upon it; and in the head two ears, two eyes, 
a noſe, a mouth, and a tongue, alike ſituated. Alſo the firft 
contrivance of thoſe very artificial parts of animals, the eyes, ears, 
brain, muſcles, heart, lungs, midriff, glands, larynx, hands, 
wings, ſwimming bladders, natural ſpectacles, and other organs 


of ſenſe and motion ; and the inſtinct of brutes and inſects, can 


be the effect of nothing elſe than the wiſdom and ſKill of a pow- 
erful ever-living Agent; who, being in all places, is more able by 
his will to move the bodies within his boundleſs uniform ſenſo— 
rium (rr), and thereby to form and reform the parts of the uni- 
verte, than we are by our Will to move the parts of our own bo- 
. 
And yet we are not to conſider the world as the body of 
God, or the ſeveral parts thereof as the parts of God. He is 
an uniform Being, void of organs, members or parts; and they 
are his creatures ſubordinate to him, and ſubſervient to his will; 
and he 1s no more the ſoul of them, than the ſoul of a man is 
the ſoul of the ſpecies of things carried through the organs of 
ſcaſe into the place of its ſenſation, where it perceives them by 
means of its immediate preſence, without the intervention of any 
third 


() — running down into a backbone.) Not in the firſt Latin of Dr. Clarke. 
6) —— Lis boundleſs uniform ſenſorium ]—infinito ſuo ſenſorio. Dr. Clarke's firſt Latin. 
5 than we are by our avill to move the pa! 'ts of our own bodies, quam Anima noſtra, quæ 


eſt in nobis imago Dei, voluntate ſua ad corporis noſtri membra movenda yalet. Dr. Clarke's firſt 
Latin. 
( ) Aud yet abe ar. not to 6 themſelves. ] Not in Dr, Clarke's firſt Latiu. 


. 


and in ſeveral proportions to ſpace. vario quoque numero & quantitate pro . 
patu 


TIT 


FTF 
third thing. The organs of ſenſe are not for enabling the ſoul 
to perceive the ſpecies of things in its ſenſorium, but only for 
conveying them thither; and God has no need of ſuch organs, 
he being every where preſent to the things themſelves (tt). And 
ſince ſpace is diviſible in infinitum, and matter is not neceſſary in 
all places, it may be alſo allowed, that God is able to create parti- 
cles of matter of ſeveral ſizes and figures, and in ſeveral propor- 


tions to ſpace (uu), and perhaps of different denſities (**) and 


forces, and thereby to vary the laws of Nature, and make worlds 
of ſeveral ſorts in ſeveral parts of the univerſe. At leaſt, I fee 
nothing of contradiction in all this. 

As in Mathematicks, ſo in Natural Philoſophy, the inveſtiga— 
tion of difficult things by the method of analyſis, ought ever to 


precede the method of compoſition. This analyſis conſiſts in 


making experiments and obſervations, (%) and in drawing gene- 
ral concluſions from them by induction, and admitting of no ob- 
jections againſt the concluſions, but ſuch as are taken from expe- 
riments, or other certain truths. For hypotheſes are not to be 
regarded in Fxperimental Philoſophy. And although the argu- 
ing from experiments and obfervations by induction be no de- 
monſtration of general concluſions; vet it is the beſt way of ar- 


guing which the nature of things admits of, and may be looked 


upon as 10 much the ſtronger, by how much the induction is 
more general. And if no exception occur from phenomena, 
the concluſion may be pronounced generally. But if at any time 
afterwards any exception ſhall occur from experiments; it may 
then begin to be pronounced, with ſuch exceptions as occur. By 


this way of analyſis we may proceed from compounds to ingre- 


dients; and from motions to the forces producing them; and in 


| general, from effects to their cauſes; and from particular cauſes 


to more general ones, till the argument end in the moſt general. 
This is the method of Analyſis. And the Syntheſis conſiſts in aſ- 


ſpati in quo inſunt. Dr. Clarke's firſt and ſecond Latin, 

4. How the primordial atoms, perfectly ſimple and perfectly ſolid, i. e. without pore, ſhould 
differ in denſity, I cannot underſtand. It is true, different figures and ſizes of the firſt ſolid atoms 
may produce very different denſities of the compounds ſeverally formed from them, though in 


© lame degree of compoſition, Perhaps this might be our Author's meaning. 


: 60) — and in draxving general conclujions,} Of all that follows to the words Exceptions as 
Ty , . . 3 > 7 : 
, there was nothing in the tilt Latin of Dr. Clarie, 
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ſuming the cauſes diſcovered, and eftabliſhed as principles, and 
by them explaining the phænomena proceeding from them, and 
proving the explanations. 

In the two firſt Books of theſe Opticks, I proceeded by this 
analyſis to diſcover and prove the original differences of the ry, 
of light in reſpect of refrangibility, reflexibility, and colour; and 
their alternate fits of eaſy Reflexion and eaſy Tranſmiſſion; and 
the properties of bodies, both opake and peltueid, on which their 


reflexions and colours depend. And theſe diſcoveries being proved, 


may be aſſumed in the method of compoſition for explaining the 
phenomena ariſing from them: an inſtance of which method! 


gave in the end of the firſt Book. In this third Book I have only 


begun the analyſis of what remains to be diſcovered about light, 
and its effects upon the frame of nature ; hinting ſeveral things 
about it, and leaving the hints to be examined and improved by 


the farther experiments and obſervations of ſuch as are inquifi- 


tive. And if Natural Philoſophy in all its parts, by purſuing this 
method, ſhall at length be perfected; the bounds of Moral Phi- 
loſophy will be alſo enlarged. For ſo far as we can know by Na- 
tural Philoſophy what 1s the Firſt cauſe, what power he has over 
us, and what benefits we receive from him; ſo far our duty to- 


wards him, as well as that towards one another, will appear to us 


by the light of Nature. And, no doubt, if the worſhip of falſe 
gods had not blinded the heathen, their Moral Philoſophy would 
have gone farther than to the four Cardinal Virtues. And inſtead 


of teaching the tranſmigration of ſouls, and to worſhip the ſun 


and moon,. and dead heroes; they would have taught us to wor- 
ſhip our true Author and Benefactor, as their anceſtors, did under 


the government of Noah and his ſons, before they corrupted them- 
{elves (**). | 


(22) —— as their anceflors—themſelves,) Not in the firſt Latin of Dr, Clarks, nor in the ſe- 
cond Engliſh, In Dr. Clarke's ſecond Latin the concluding ſentence ſtands thus, Quod 2 
fecerunt majores ipſorum, antequam animum moreſque ſuos corruperant. Lex enim moralis ab 


origine gentibus univerſis erant ſeptem illa Nonchidarum præcepta: quorum præceptorum pf 


mum erat, unum eſſe agnoſcendum ſummum Dominum Deum, ejuſque cultum non eſſe in altos 


transferendum. Etenim fine hoc principio nihil eſſet virtus aliud niſi merum nomen. In the 
third Egli the final ſentence appeared as we now give it. 
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To Mr. OL D E NB URC. 


15 Cambridge 
81 Ry March 16, „ 


HE book, which my carrier by forgetfulneſs diſappointed 
me of the laſt week, I have now received, and thank you 
dor it. With the teleſcope which I have made, I have ſometimes 
ſeen objects, and particularly the moon, very diſtinét in thoſe 
parts of it, which were near the ſides of the viſible angle. And 
at other times, when it hath been otherwiſe put together, it hath 
exhibited things, not without ſome confuſion. Which difference 
I attributed chiefly to ſome imperfection, that might poſſibly be, 
either in the figures of the metals or eye-glaſs; and once I found 
it cauſed by a little tarniſhing of the metal, in 4 or 5 days of moiſt 
| weather. 

One of the fellows of our College is making ſuch another te- 
| leſcope, with which laſt night I looked on Jupiter; and he ſeemed 
as diſtinct and ſharply defined, as 1 have ſeen him in other tele- 
copes. When he hath finiſhed it, I will examine more ſtrictly, 
and fend you an account of its performances. For it ſeems to be. 
| lomething better than that which I made. Yours, &c.. 


. 


To Mr. O L. D E. N B UR G. 


| Cambridge, 
8 LR, | March 19, 1672. 


IN my laſt letter I gave you occaſion to ſuſpect, that the in- 
ment which 1 ſent you is, in ſome reſpect or other, indiſpoſed; 
| o 
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or that the metals are tarniſhed, And by your letter of Ma; 


16, I am fully confirmed in that opinion. For whilſt I had it, it 
repreſented the moon in ſome parts of it as diſtinctly, as other 


teleſcopes uſually do, which magnity as much as that. Vet! 


very well know, that that inſtrument hath its imperfections, both 
in the compoſition of the metal, and in its being badly caſt; 3 
you may perceive by a ſcabrous place near the middle of the me. 
tal on the poliſhed fide, and alſo in the figure of the metal ney 
that ſcabrous place. And in all thoſe reſpects, that inſtrument i; 


capable of further improvement. 


You ſeem to intimate, that the proportion of 38 to 1 hol; 


only for its magnifying objects at ſmall diſtances. But if for ſuch 


diſtances, ſuppoſe 500 feet, it magnify at that rate, by the rule 
of Optics it muſt, for the greateſt diſtance imaginable, magnify 


more than 37+ to 1; which is ſo inconſiderable a diminiſhing, 


that it may be even then as 38 to 1. | 
Here is made another inſtrument like the former, which doe; 


very well. Yeſterday I compared it with a ſix-foot teleſcope; 
and found it not only to magnify more, but alſo more diſtindih. 


And to-day I found, that I could read in one of the Philoſophica 
Tranſactions, placed in the ſun's light, at an hundred foot di. 
tance ; and that at an hundred and twenty foot diſtance, I coul 
diſcern ſome of the words. When I made this trial, its aperture, 
defined next the eye, was equivalent to more than an inch and: 
third part of the object metal. This may be of ſome uſe to thoſe, 
that ſhall endeavour any thing in reflexions ; for hereby they vil 
in ſome meaſure be enabled to judge of the goodneſs of their ir 
ſtruments. I am, &c. 


Ill. 
IS AACI NEWTONI Matheſeos in Acad. Cantab. Prof. INVENTL) 


Novum quo Teleſcopia longa infigniter contrahantur citra Et- 
tecti fraudes. Exhibitum. Soc. Reg. Lond. 1067; *. 


AB Speculum concavum metallicum, fundo Tubi adhzrw; 
cujns radius 14 digit. Anglicor, 
05 


* This deſcription was drawn up by Mr. Oldenburg, by order of the Royal Society, te b 
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cp ſpeculum metallicum planum ovale, bacillo ferreo aggluti- 
natum, et circulo æneo, intra tubi cavitatem mobili, infixum. 
lens vitrea, cujus latus ſuperius planum, inferius convexum, 


radius autem circa digiti ſemiſſis. 


G6 pars tubi interior, circulo æreo Ri firmiter conſtricta, ita 
at non facile moveri poſſit. 


pd pars tubi poſterior, circulo æneo, pq, immobiliter infixa. 


o uncus ferreus, circulo æneo po affixus, ultra tubi axem exten- 
ſus; cui clavus cochleatus N immiſſus tubi partem poſteriorem 
antrorſum pellit, vel retrahit, ad ſpeculorum debitam diſtantiam 
inveſtigandam, parte priore fixa remanente. | 

vol ferrum curvatum, quod tubum ſuſtinet ; globo ligneo: 
verſatili s, clavo R affixum. 

Centrum ſpeculi pans; CD, locatur in axe Tubi; ita at in 1p- 
ſum perpendicularis, a centro lentis Geratfla, cum axe angulum 
rectum conſtituat; et objecti ſpecies, à ſpeculo concavo in idem 
repercuſſa, verſus lentis focum E reflectatur. 

Corona ventilogio ornamenti gratià impoſita, 300 circiter pe- 
dibus diſtans, cum uno oculo huic tubo admoto ſpectabatur altero 
in chartam ſubjectam, II circiter digitis ab ipſo diſtantem, mag- 
nitudine et figurà A inſignità apparebat. Tubus autem vulgaris 
25 digit. longus, lente objectiva convexa, oculari vero utrinque 
concavà (cujus radius 2. digit eſt) oculo admoto, figuram coronæ 
magnitudine 3, eadem obſervatà chartæ ab oculo diſtantia, alteri 


oculo exhibebat, conſentientibus poſt repetita experimenta pp. 


vrounker, Wren, Hook. 


. 
To: Mr. O0 L. D E N. FUR G. 


SJ R, : ; Oambridge, 


Jan, 6, 1672. 

THE deſcription of the inſtrument you ſent is very well; only 
the radius of the concave metal, which you put 14 inches, is 
more juſtly 1 2 Or 13 inches; and the radius of the eye- glaſs, 
which. you. put half an inch, is the twelfth part of it, if not leſs: 
far the metal collects. the ſun's rays at 6- inches diſtance, and the 


wg to Mr. Hugens at Paris. The Society judging this the beſt method of ſecuring the 
e of this great invention to the Author. 
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eye-glaſs is leſs than + bf an inch diſtance from its vertex, By 
the tools alſo to which they were ground, I know their dimen. 
fions; and particularly meaſuring the diameter of the heniiſphe. 
rical concave, in which the eye-glals was * 1 find it the 
fixth part of an inch. | 
Perhaps it may give ſome ſatisfaction to Mr. Hugens to under. 


' ſtand, in what degree it repreſents things diſtinct, and free from 


colours; and to know the aperture by which it admits light, And 
after the words [verſus On E reflectatur} it may not be ani 


to add this note. 


Conferendo — foci iſtius à verticibus lentis et ſpecul 


concavi, hoc eſt EF + dig. et Er 6; dig. prodit ratio 1 ad 38; | 
qua judicatur objecta 38 vicibus circiter ampliari. 


And to this proportion is very conſentaneous the obſervation 
of the crown on the weather- cock. For the ſcheme repreſent; 
it bigger by 2- times, when ſeen through this, than when through 
an ordinary perſpective. And ſo ſuppoſing that to magnify 13 


or 14 times (as by the deſcription it ſhould) this by experiment 


proportionably muſt magnify almoſt as much as I have aſſigned i. 
To the objection, that with it objects are difficultly found; 


may anſwer, that that is the inconvenience of all tubes that mag- 
nifty much. And that after a little uſe, the inconvenience wil 


grow leſs; for I could readily enough find any day objects, by 
knowing which way they were poſited from other objects, that | 


accidentally ſaw in it. But in the night to find ſtars, 1 confels 


is troubleſome enough; yet this may be eaſily remedied by two 


ſights affixed to the iron rod, by which the tube is ſuſtained ; and 


{uch I once intended ſhould have been made, before I ſent it away 
from me; but that I thought the defect would not be judged ma- 
terial. If ſuch ſights be not found a ſufficient remedy, there 
may be an ordinary proſpective glaſs faſtened to the ſame frame 
with the tube, and directed towards the ſame object, as Des Carle 
in his Dioptrics hath deſcribed, for remedying | the ſame inconve- 
nience of his beſt teleſcopes, 

The plane tide of the eye-glaſs is apt to be ſoiled TY the duſt 
falling down upon it. And therefore the little leaden ring, put 
into the orifice of the bigger leaden barrel to moderate its apef- 


ture, muſt be ſometimes taken out, and the glaſs wiped 5 
= leather 


8 R 


. 

leather done upon the ſmall end of a ſtick, or other ſuch like 
contrivance. But care muſt be taken, that the ſaid ring be not 
oſt ; for without it objects appear very confuſed, at the edges of 
the apparent ſpace. So if the concave metal contract any dull- 
neſs, by moiſture or otherwiſe ; it ought to be taken out and rub- 
bed with gentle leather, but not with putty, or any thing that 

may wear the metal. | TED 5 
Jam very ſenſible of the honour done me by the biſhop of 
carum, in propoſing me a candidate, and which I hope will be 
further conferred upon me by my election into the Society. And 
if fo, I ſhall endeavour to teſtify my gratitude, by communicat- 
ing what my poor and ſolitary endeavours can effect, towards 
promoting the Philoſophical deſign. I am, &c. 
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V. 


To Mr. O L D E N B U R G. 


| | Cambridge, 
SI Ry Jan. 18, 1674. 


UNDERSTANDING, by your laſt, that ſome of the fellows —— 
5 5 : or the great 
of the Hon. Society, in order to a bigger reflective Teleſcope, are Mirror. 
deviſing a fit metalline matter; let me preſume to give them this 
caution, that whilſt they ſeek for a white, hard and durable me- 
talline compoſition, they reſolve not upon ſuch an one as is full 
of ſmall pores, only diſcoverable by a microſcope: for though 
ſuch an one may, to appearance, take a good poliſh, yet the 
edges of thoſe ſmall pores will wear away faſter in the poliſhing, 
than the other parts of the metal; and ſo, however the metal 
ſeem polite, yet it ſhall not reflect with ſuch an accurate regula- 
rity as it ought to do. Thus tin-glaſs, mixed with ordinary bell- 
metal, makes it more white, and apt to refle& a greater quantity 
of light ; but withal, its fumes raiſed in the fuſion, like ſo many 
aerial bubbles, fill the metal full of the microſcopical pores. But 
White arſenick both blanches the metal, and leaves it ſolid, with- 
out any ſuch pores; eſpecially if the fuſion hath not been too 
violent, What the ſtellate regulus of Mars (which I have ſome- 
Vol. IV. Nn 5 times 
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Compoſition times Uſed) or rather. Juch like, Ge wall * 3 parti. 
cular examination. 
Let me add further this intimation; that putty, or 8 fuch 
like powder, with which it is poliſhed, by the. arp angles of it; 
particles, fretteth the metal, if it be not very fine, and filleth i 
full of ſuch ſmall holes as I {peak of. Wherefore care muſt be 
taken of that, before judgment be given, whether the metal be, 
throughout the body of it, porous or not. 
I defire, that in your next letter you would inform me, for 
what time the Society continue their weekly meetings; becauſe 
if they continue them for any time, I am purpoſing them, to be 
conſidered of and examined, an account of a Philoſophical dif. 
covery, which induced me to the making of the ſaid Teleſcope; 
and I doubt not but will prove much more grateful than the com- 
munication of that inſtrument ; being in my judgment the od- 
deſt, if not the moſt conſiderable detection, which hath hitherto 
been made in the operations of Nature. 


VI. 
* Mr. OLDENBURG 

STR, 85 Aer Der 1al 7 een N W Err 
NOT having tried many proportions of the arſenick and me- 
tal, I do not affirm Which is abſolutely beſt, but think there may 
conveniently. be uſed any quantity of arſenick equalling in weight 
between a ſixth and an eighth part of the copper; a gerte pro- 
portion making the metal brittle. 
8 way which I uſed 1 is this: 1 firſt melted the copper alone, 
then put in the arſenick, which being, melted, 3 ured them a 
little together, bewaring, in the mean time, not to draw in breath 
near the pernicious fumes. After this I put in tin; and again, 
ſo ſoon as that was melted (which was very ſuddenly) I ſtirred 
them well together, and immediately poured them off. 
I know not, whether by letting them ſtand longer on the fire 
after the tin was melted, a higher degree of fuſion would have 


made the metal porous; but! thought that way I proceeded ſafeſt. 
| | In 
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In that metal, which I ſent to London, there was no arſenick, for the large 
but a ſmall proportion of filver; as I remember, one ſhilling in | Mirror, 


three ounces of metal. But I thonght the filver did as much 


harm in making the metal ſoft, and fo leſs fit to be poliſhed, as 
good 1 in rendering it white and fans. 


At another time I mixed arſenick one ounce, copper ſix ounces, 


and tin two ounces; and this an acquaintance of mine hath po- 
hſhed * than I did the ether: Py am, cc. 


113077 4 OY, 
To Mr. O LDE NB UR G. 


SIR, | a | | | Cambridge, 


Feb. 20, 16725 


I Received your's F ebruary T 7th, And ending conſidered Mr. 
Hoc obſervations on my diſcourſe, am glad that fo acute an ob- 
jector hath ſaid nothing that can enervate any part of it. For I 
am ſtill of the ſame judgment, and doubt not but that upon ſe- 


verer examinations it will be found as certain a truth, as I have 


aſſerted it. You ſhall very ſuddenly have my anſwer. 

In Mr. Hupenius's letter there are ſeveral handſome and inge- 
nous remarks: and what he ſays concerning the grinding of Pa- 
rabolical Conoids by geometrical, rules, I do with him deſpair of, 
But I doubt not but that the thing may be in ſome meaſure ac- 
compliſhed by mechanical! Ow. This is all at preſent from, 
ee, oi ors 191, ooh „ th . lbs 4 51 


4 - 1 p * 
F + , 
wy * a 3 
. 


Ix 7 . 4 ' 4 . 
Py 23 V - 1 * * 
» SY 
* E \ 8 
o #* <0 bo 3 4 * 2 
Y 
4 1 A , = ' 0 ; p 1 * 
£14 4 6 1 2 174 A ; 2 , - + #7, 
15 > x . s 5 — , po 
1 CC GEO TELTY „ 6 Fi 
i Be FE: 4 : ; 


8 x R, March 26, 1672. 


ABOUT ten days ſihce, at night, 1 aw ; a dull ſtar ſouth-weſt A Comet. 


of Perſeus, which I now take to have been that comet of which 
vou gave me information; but it was very ſmall, and had not 


any viſible tail, which TU me regard it no further, and I tear 
it will now be difficult to find itz 


Nn 2 Since 
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Since my laſt letter, 1 have further compared, and find that 
of metal to repreſent as well the moon as nearer objects, ſome. 
thing diſtincter than the other. But 1 muſt tell you alſo, that 
I find that other (which 1 borrowed to make the compariſon) 
to be none of the beſt in the kind, and therefore would not 
have you rely on the obſervations made with it, but rather 
eſtimate the performances of the metalline teleſcope by the 
diſtances of between 100 and 120 feet, at which 1 and other; 


could read in the Tranſactions, as I found by meaſure ; at which 


time the aperture was 15 of an inch, which I knew by try. 
ing, that an obſtacle of that breadth was requiſite to intercept 
all the light which came from one point of the object. I ſhould 
tell you alſo, that the little plain piece of metal next to the glaſs 


is not truly figured, whereby it happens, that objects are not ſo 


Lengths, 
apertures, and 
charges. 


diſtinct at the middle as at the edges. And, 1 hope, that by cor- 
recting its figure (in which I find more difficulty than one would 
expect) they will appear all over diſtinct and diſtincter in the mid- 
dle than at the edges. And I doubt not, but then the pertorm- 
ances 'will be greater. But yet 1 find, that there 1s more light 
loſt by reflection of the metal I have hitherto uſed than by tranſ- 
miſſion through glaſſes, for which reaſon a ſhallower charge 
would probably do better for obſcure objects, ſuppoſe ſuch a one 
as would make it magnify 34 or 32 times; but of bright objects 
at any diſtance it ſeems capable of magnifying 38-or 40 times 
with ſufficient diſtinctneſs; and for all objects the ſame charge, | 


believe, may be allowed, if the ſteely matter employed at Lo. 


don be more ſtrongly reflective, than this which I have uſed. 
The performances of one of theſe inſtruments of any length 
being known, it will appear, by this following Table, what ma) 
be expected from thoſe of other lengths by this way, if art can 
accompliſh what is promiſed by the theory. In the firſt column 
is expreſſed the length of the teleſcope in feet, which doubled, 
gives the ſemidiameter of the ſphere on which the concave me- 
tal is to be ground. In the ſecond columns are the proportions 
of the apertures for thoſe ſeveral lengths ; the third column are 


the proportions of the charges or diameters of the — a 
| | WIA 
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* k MOTT is n eye- glaſſes are to be ground. charges. 

3 * The pro of this 3 CS — 

; 383 1579 appear by example. Suppoſe, 

; ne 178 therefore, a half- foot teleſcope may 

6 bes | 186 diſtinctly magnify 30 times with. 
Fs | 46 et a el aperture, and be it required 
1 T2 * know what ought to be the ana- 
„ 254 logous conſtitution and performance 
2 4 24 6. off a four- foot teleſcope: by the 


ſecond column, as 100 to 476, ſo are the apertures; as alſo. the 

numbers of times which they magnify. And conſequently ſince the 

half- foot tube hath an inch aperture, and magnifyeth 30 times; 

a four- foot tube proportionally ſhould have 42 inches aperture, 

and magnify 143 times. And by the third column, as 100 to 
168, ſo are their charges. And therefore if the diameter of the 
convexity of the eye-glaſs for a half- foot teleſcope be + of an. 
inch, that for a four ſhould be 386; that is, about ; of an inch. 
In like manner if a half-foot teleſcope may diſtinctly magnify 36 
times with 14 of an inch aperture, a four-foot teleſcope ſhould 
with equal diſtinctnefs magnify 171 times with 6 inches aper 
ture. And one of fix foot ſhould magnify 232 times with 83 
inches aperture; and fo of other lengths. But what the event: 
will really be, we muſt wait to ſee determined by experience; 
only this I thought fit to inſinuate, that they which intend to. 
make trials in. other lengths, may more. readily know how to de- 
ſign their inſtruments. Thus for a four- foot tube, ſince the aper- 


| ire ſhould be 5 or 6 inches, there will be required a piece of 


metal 7 or 8 inches broad at leaſt; becauſe. the figure will ſcarce- 
ly be true to the edges: and the thickneſs of the metal muſt be 
proportional to the breadth, leaſt it bend in the grinding, The 
metals being poliſhed, there may be trials made with ſeveral eye- 
dlaſſes to find what charge may, with beſt advantage, be made ule. 
of, Thus much of theſe teleſcopes ; and at preſent I ſhall trou- 
ble-you:no farther, than to thank you for your laſt intelligence, 
by which you have obliged, Sir, 3 
N &c. on 
IX. 


which the convex ſuperſicies of the Lengths, 


apertures, and 


CCW 
10. Mr. O. L DE NH UR G. 


8 1 R, | Mar 39, 1652 


prong I Doubt not nt Font. Auzout will allow the advantage of re- 
' flections in the theory to be very great, when he ſhall be inform- 
ed himſelf of the different refrangibility of the ſeveral rays of 
light; * and for the pratique part, it is in ſore meaſure manifeſt 
by the inſtruments already made, to what degree of vivacity and 
brightneſs a metalline ſubſtance may be poliſhed : nor is it im- 
e but that there may be new ways of poliſhing found out 
for metal, which will far excel thoſe that are yet in uſe. And 
when a metal is once well poliſhed, it will be a long while pre- 

| ſerved from tarniſhing, if diligence be uſed to keep it dry, and 
_ cloſe ſhut up from the air. For the principal cauſe of tarniſh- 
ing ſeems to bc the condenſing of moiſture on its poliſhed ſurface; 

; 5: ob 3 by an acid ſpirit wherewith the atmoſphere is impreg- 
nated, corrodes and ruſts it; or at leaſt at its exhaling, leaves it 
covered over with a thin ſkin, conſiſting partly of an earthy ſedi 
ment of that moiſture, and partly of the duſt which, flying to 
and fro in the air, had ſettled and adhered to it, When there is 
not occaſion to make frequent uſe of the inſtruments, there may 
be other ways to preſerve the metals for a long time, as perhaps 
by immerging them in ſpirit of wine, or ſome other convenient 
liquor. And if they chance to tarniſh, yet their poliſh may be 
recovered by rubbing them with a ſoft Piece of leather, or other 
tender ſubſtance, without the aſſiſtance of any fretting powdets, 
unleſs they happen to be ruſty, for then they myſt be new po- 
liſned. I am very ſenſible, that metal reflects leſs light than 
glaſs tranſmits ; and for that inconvenience I gave you a remedy 
in my laſt letter, by aſſigning a ſhallower charge in proportion to 
the aperture than is uſed in other teleſcopes. But as I have found 
ſome metalline ſubſtances to be more ſtrongly reflective, and to 
poliſh better, and to be freer from tarniſhing thari others, {0 | 
hope there may be in time found out ſome ſubſtance much freer 


from thoſe inconveniences, than any yet known. 
6 In 
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1nthe mean time, to remedy in ſome meaſure theſe inconveniences, Remedy of 
1 ſhall propound a way of uſing, inſtead of the little oval metal, al 
955 or chryſtal figured like a triangular priſm,as you ſce it repre- 
ſented in the firſt ſcheme by the figure a, B, c. Its ſide 23 I ſup- 
ſe to perform the office of that metal, by reflecting towards the 
eve-glaſs the light which comes from the concave DE, w hich light 
| ſuppole to enter into this priſm at its fide c and cBhο; and 
leſt any colours ſhould be produced by the refraction of thoſe 


t planes, it is requiſite that the angles of the priſm at Aa and 35 
d be preciſely equal. Which may be moſt conveniently performed. 
1 by making them half right angles, and conſequently the third 
ut angle at Ce a right one. The plane ABl, without being foli- 
0 ated, will reflect all the light incident on it, eſpecially. if the 
(= priſm | be made of chryſtal. But to exclude all unneceſſary light, 
Id it is convenient that it be all over covered with ſome black ſub- 
b ſtance, excepting two circular ſpaces of the planes ac and Bc for 
e; the uſeful light to paſs through, as you ſee it deſigned i in the ſe- 
9 cond Scheme. The length of this priſm, ſhould be ſuch, that its 
it ſides Ac and;Bc,may be four ſquare ; and ſo much of the angles. 
U- R and b as are ſuperfluous ought. to be ground off, to give paſſage 
to to as much light as is poſſible from the. object to the concave. 
ö There is one very conſiderable advantage of this priſm which the 
ay oval, metal is not capable of, without uſing two eye: glaſſes, and 
* it is that of its ſides Acca and BCcb be ground convex lens. The 
Nt manner you have expreſſed i in the third Scheme, where. ſuppoſe 
be WW co be the focus of the concave, and F of the eye-glaſs at which 
er the rays croſs twice pefore their arrival at the eye. But it is con- 
IS, 4 renjent, that the firſt trials be made with pr iſms whoſe ſides are 
Þ0- Al af them plane. And thus much concerning Monſ. Auzou!s 
wh conſiderations. vi 

dy To the queries. of Monſ. Denys... 1 anſwer, "BR "That a tube of 
110 | fix inches is capable of bearing an Wenupe (limitted next the eye) 
ind lo large, that an obſtacle of 15 or 1+ of an inch in breadth, | 
| to ſhall be requiſite to intercept all the light coming from oue point 
o ! of the object towards the concave metal, 


But it is convenient, that the tube be a little wider than that Adjuſtment cf 
aperture nt dlameter 
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ol the Tube aperture preciſely requires, ſuppoſe 1; or 1; of an inch, and not 
en more; and the whole breadth of the metal ſhould not be leſs than 
two inches, becauſe its figure towards the edge will ſcarcely be ſo 
true as to be uſeful. And by that means it may be alſo conveni. 
ently faſtened to the end of the tube on the outſide, ſo at ple. 
jure to be taken off, and laid up cloſe from the air, to preſerve 
it from tarniſhing. How the diameter of the tube is to be en- 
larged according to its length; will appear by the table of aper. 
tures and charges which I ſent you in my laſt letter of March 283 
namely, the cube of its length ſhould be proportional to the 
ſquare of its diameter or aperture at the metal. So that the ad- 
vantage of augmenting the length of tubes, is by this way far 
greater than by refrachtions, where their length ought to be pro- 
portional to the ſquare of the diameter of the aperture. 2. The 
.breadth, or fhorteſt diameter of the little oval metal for a tube of fix 
inches, ſhould not be greater than 3, nor leſs than 5 of an inch. 
And the longeſt diameter ſhould be to the ſhorteſt, as about 10 
to 7. But you may more exactly determine theſe diameters for 
tubes of all lengths after this manner. In the fourth figure, let 
AB repreſent the oval ſet edgwiſe; Dx, the concave; FG, its axis; 
GP, the reflex of that axis; 57, the diameter of the hole through 
which the light is tranfmitted to the eye, and p the center of that 
hole. Produce , G to x, ſo that 67 may be equal to cp; ere 
zo and 77 equal to ps and t; and from o and T draw two lines, ob 
and x, to the outmoft parts of the concave within the tube, inter- 
fecting AB in a and B; and As ſhall be the long diameter of the 
oval, which biſect in x; and perpendicular to Fx erect xx and 
xz, occurring with od and 2E in 1 and 2; and a mean proportional 
between xx and xz, doubled, ſhall be the other ſhort diameter: 
for by viewing the Scheme you will eaſily perceive, that an oval, 
deſcribed with thoſe rectangular conjugate diameters, is of ſufh- 
cient bigneſs to reflect all the uſeful light towards the eye, if i 
be rightly placed in the tube; and a broader metal would not 
only intercept ſo many of the beſt rays, but ſome of the ſcattering 
light, reflected every way from its ſuperfluons parts, would fall 


on the eye-glaſs, and make the object appear ſomething confuſes 
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and as it were in a miſt, This, Sir, is that which, in anſwer to 


your letter, my preſent thoughts ſuggeſt to your faithful ſervant, 
&c. 


X. 
To Mr. O LDE N BURG. 


81 Ry | May 4, 1672. 


me, M. Caſſegrain hath communicated three months ſince, and 
now printed in the French Journal, I fear will not anſwer expec- 
tation; for when I firſt applied myſelf to try the effects of re- 
flections, Mr. Gregory's Obtica Promota (printed in the year 1663) 
being fallen into my hands, where there is an inſtrument de- 
ſcribed (pag. 94) like that of Mr. Caſſegrain, with a hole in the 
midſt of the object-glaſs, to tranſmit the light to an eye-glaſs 
placed behind it; I had thence an occaſion of conſidering that 
ſort of conſtructions, and found their diſadvantages ſo great, that 
I ſaw it neceflary, before I attempted any thing in the practice, to 
alter the deſign of them, and place the eye-glaſs at the ſide of 
the tube, rather than at the middle. 


the little convex ſpeculum, than from the oval plane: for it is an 
obvious obſer vation, that light is moſt copiouſly reflected from any 
lubſtance when incident moſt obliquely. 2. The convex ſpeculum 
will not reflect the rays ſo truly as the oval plane, unleſs it be of an 
hyperbolic figure, which is incomparably more difficultto form than 
a plane; and, if truly formed, yet would only reflect thoſe rays 
truly which reſpect the axis. 3. The errors of the ſaid convex 
will be much augmented by the too great diſtance through which 


tor which reaſon, 1 find it convenient to make the tube no wider 
than is neceſſary, that the eye-glaſs may be placed as near to the 
oval plane as is pothble, without obſtructing any uſeful light in 
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I Should be glad to meet with any improvement of the cata- Of Mr. 
Caſſegrain's 
dioptrical teleſcope, but that deſign of it which, as you inform Teletcope. 


The diſadvantages of it you will underſtand by theſe PPE We Diſadvantages 


of the 


1. There will be more light loſt in the metal, by reflexion from Gregorian 


Con ſtruction. 


the rays reflected muſt paſs, before their arrival at the eye-glaſs; 


vor. IV. Oo | its 
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its paſſage to your object-metal. 4. The errors of the objec. 
metal will be more augmented by reflexion from the convex than 
from the plane, becauſe of the inclination or deflexion of the con- 
vex on all ſides from the points on which every ray ought to be inci. 
dent. sthly. For theſe reaſons there is requiſite an extraordinary 
exactneſs in the figure of the little convex; whereas I find by ex. 
perience, that it is much more difficult to communicate an exaq 
figure to ſuch ſmall pieces of metal, than to thoſe that are great. 
er. 6. Becauſe the errors at the perimeter of the concave object. 
metal cauſed by the ſphericalneſs of its figure, are very much 
augmented by the little convex; it will not, without indiſtinctneſs, 
bear ſo large an aperture, as in the other conſtruction. 7. By 
reaſon that the little convex conduces very much to the magni- 
tying virtue of the inſtrument which the oval plane doth not, it 

will magnify much more in proportion to the ſphere on which 
the great concave is ground, than in the other deſign. And ſo 
magnitying objects nauch more than it ought to do in proportion 
to its aperture, it muſt repreſent them very obſcure and dark; 
and not only ſo, but alſo confuſed, by reaſon of its being over- 
charged. Nor is there any convenient remedy for this; for if 
the little convex be made of a larger ſphere, that will cauſe a 
greater inconvenience, by intercepting too many of the beſt rays; 
or if the charge of the eye-glaſs be made ſo much ſhallower as is 
neceſſary, the angle of viſion will thereby become ſo little, that 
it will be very difficult and troubleſome to find an object; and of 
that object, when found, there will be but a very ſmall part ſeen 
at once. | 

5 a By this you may perceive, that the three advantages which 

prain's Con- Monſ. Calſegrain propounds to himſelf are rather diſadvan- 

= tages; for, according to his deſign, the aperture of the inſtru- 
ment will be but ſmall, the object dark and confuſed, and allo 
difficult to be found. Nor do I fee why the reflexion is more 
upon the ſame axis, and ſo more natural in one caſe than in the 
other, fince the axis itſelf is reflected towards the eye by the oval 
plane, And the eye may be defended from external light as well 


at the ſide as at the bottom of the tube, You ſee, therefore; 
that 
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that the advantages of this deſign are none; but the diſadvantages 
ſo great and unavoidable, that I fear it never will be put in prac- 
tice with good effect; and when I conſider, that by reaſon of its 


reſemblance with other teleſcopes, it is ſomething more obvious 
than the other conſtruction, I am apt to believe, that thoſe who 


the firſt place; and that their bad ſucceſs in that attempt hath 
been the cauſe why nothing hath been done in reflexions. 
For Mr. Gregory, {peaking of theſe inſtruments in the afore- 
ſaid book, p. 95, ſaith, De mechanicd horum ſpeculorum et lentium, 
ab aliis fruſtra tentata, ego, in mechanicis minis verſatus, nibil dico; 


in vain, And J am informed, that about 7 or 8 years ſince, Mr. 
Gregory himſelf, at London, cauſed one of fix foot to be made by 
Mr. Reive, which I take to be according to the aforeſaid deſign 
deſcribed in his book, becauſe though made by a very ſkillful 
artiſt, yet it was without ſucceſs. 7 

I could wiſh, therefore, M. Caſſegrain had tried his deſign, 
before he divulged it; but if for further ſatis faction he pleaſe 
hereafter to try it, I believe the ſucceſs will inform him, that 
ſuch projects are of little moment, till they be put in practice. 
Iam, Sir, your humble ſervant, 

STC, 


XI. N \ 
To Mn, COLLINS 
SIR, 


Dec. 10, 1672, 


ſign in his Optica Promota excels that of Mr. Caſſegrain (though 
they differ ſo ſlightly, that I thought it not worth the while to 
take notice of the difference) the advantage being, that the little 
concave ellipſis comes nearer to a ſpherical figure than the convex 


of making the ſpeculum plane. And this I conjecture 1s the 
Oo 2 Was 


have attempted any thing in Catoptricks, have ever tried it in 


ſo that there have been trials made of theſe teleſcopes, but yet 


| byperbola, ſo 1 conceive his preſent propoſal excels them both; 
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MR. GREGORY is pleaſed to conſider further the moſt advan- Of Gregory's 
tageous conſtruction of cata-dioptrical teleſcopes. And as his de- Conſtruction. 
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Advantages 
of oblique 


Reflection. 


SL SU T1218 6 
way which Signior Salvetti, one of the grand duke's muſicians, 


mentioned in the laſt Tranſactions, intends to make experiment 
of; excepting that, inſtead of the convex eye-glaſs, he may pro- 


bably ſubſtitute a concave one to erect the object. But yet | 


cannot think it the beſt; it being liable to the 1ſt, 3d and laſt of 
theſe difficulties urged againſt Mr. Caſſegrain; and, in my judg- 
ment, not wholly capable of the advantages which Mr. Gregory 


Ppropounds. 


The firſt diſadvantage was, that more light is loſt in di- 
rect than oblique reflexion. I am convinced by ſeveral obſerva- 
tions, that reflexion is not made by the ſolid parts of a body, 
as is commonly preſumed, but by the confine of the two medi- 
ums, whereof one is within and the other without the body, 
And as ſtones are reflected by water, when thrown obliquely, 
which force their way into it, when thrown directly downwards; 
ſo the rays of light (whether corporeal like ſtones or not) are 
moſt eaſily and copiouſly reflected when incident moſt obliquely, 
This you may obſerve in the paſſage of light out of glaſs into 
air; which is reflected more and more copiouſly, as the obliqui- 
ty is increaſed, until beyond a certain degree of obliquity it be 
wholly reflected. 
fectly poliſhed plate of braſs or ſilver, or any other metal; you 


may obſerve, that the image of objects, which by direct re- 


flexion appear dull and confuſed, appear by very oblique re- 
flexion pretty diſtinct and vigorous. 
reflexion would be inconſiderable, if metal reflected almoſt all 
the light directly incident on it. But ſo far as I can obſerve, 
there is at leaſt a third part, if not the better half, of the light 
loſt and ſtifled in the metal at every reflexion; and it is of ſome 
eſtimation, if a third or fourth part of that may be redeemed, 
by ſetting the flat ſpeculum obliquely. As for Mr. Gregors in- 


ſinuation, that direct rays have the advantage of oblique ; be- 


cauſe a direct ball is directed more regularly from a rough wall 
than an oblique one; if he pleaſe to conſider how different ale 
the cauſes and circumſtances of thoſe reflexions, poſſibly, up0il 
ſecond thoughts, he may apprenend why the contrary ought i 

I happell 


Alſo in the reflection of light by an imper- | 


This advantage of oblique | 


ff ß ² BD ©... 


happen in light: at leaſt the experiment of the rudely-poliſhed 


plate of metal may perſuade him. 

The next diſadvantage, ariſing from the diſtance of the little 
ſpeculum from the eye-glaſs, being allowed; I pals to the laſt : 
which is to this effect. That if to diminiſh the magnifying vir- 
tues of the inſtrument, the little ſpeculum be made of a larger 
ſphere (as it is in Mr. Gregory's deſign, a plane being equivalent 
to a ſphere whole center 1s indefinitely diſtant) that would cauſe 
too many of the beſt rays to be intercepted. And though in his 
deſign ſcarce a fourth part of the whole light be intercepted, yet 
thoſe rays ſeem to me of more value than twice their number next 
the circumference of the tube, becauſe they principally conduce 


to diſtinct viſion. Their loſs will be judged conſiderable by thoſe, 


that have thought the loſs of ſcarce the 40th part of the light 
in my way worthy of being objected, by reaſon that they were 
the beſt of the rays. | 
There are yet other conſiderations by which Mr. Gregory's tube 
may perhaps be thought leſs advantageous. As, that unleſs the 
ſpeculum, r, be made ſo broad as to intercept more than a quar- 
ter, or perhaps than a third part of the whole light, it will be 
difficult to enlarge the aperture, as is requiſite for viewing dult 
and obſcure objects: that the eye-glaſs, if placed at the bottom, 
will ſcarcely be well defended from the unuſeful glaring light, 


which in the day-time comes from objects on all ſides the flat ſpe- 


culum ; at leaſt not ſo well as by ſetting it at the fide ; and that 
an artificer can ſcarcely poliſh the great concave ſo truly when per- 
forated in the middle : for the metal near the hole will be apt to 
wear away too faſt, as it doth near the exterior limb. And 
though the hole may be made after it is poliſhed, yet it the fi- 
gure happen to be leſs true, or if afterwards the metal chance to 
tarniſh, it muſt be poliſhed again. 

As for the advantages propounded by Mr. Gregory, I fee not 
why the firſt ſhould be reckoned for one, Viz. that the diſtance 
EF grows almoſt the one-half leſs, and therefore the errors of 
tne concave cp are almoſt diminiſhed upon the plane F by one- 
half. For how much thoſe errors of the concave CD are increaſed 
or diminiſhed, is to be eſtimated by the divarication of the rays 

| | not 
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not at the plane r, but at the focus of that concave oo. And 
there the errors in both caſes will be alike, provided the ſpecu- 
lum y be accurately plane. But if there be any irregularities in 
the figure of the ſpeculum r, they will cauſe errors ſo much 
greater in one caſe than in the other, as that ſpeculum is remoter 
from the eye-glaſs ; which in large teleſcopes may be more than 
15 or 20 inches. 
—4 Aw The other advantage, viz. that his tube wil be little more than 
ſbortneſs of half the length of mine, I ſhould allow to be very conſiderable; 
— I thought, that with equal art in the mechaniſm, it would be 
made to do the ſame effect. The greateſt difficulty is in form- 
ing the great concave; which when once well done, perhaps it 
may be thought moſt advantageous to make the beſt uſe of it with 
a longer tube. | 
Convenience The ſuppoſed advantage of teleſcopes with convex or concave 


of varying the 


charge greater ſpeculums, in that they may have any deſireable charge, by alter- 
3 ing the diſtances of the eye-glaſs and ſpecula, agrees more con- 
Donſtruction. veniently with my deſign of the inſtrument, if that ſpeculum be 
made uſe of, which I deſcribed in a letter to Mr. Oldenburg, in an- 
{wer to Mr. Huzenss conſiderations on theſe ſubjects ; which poſ- 
fibly you may have ſeen. For inſtance; to double the charge, 
the eye-glaſs in the other way muſt be drawn out almoſt as far 
behind the great concave as the little ſpeculum is before it; 
whereby the length of the tube will be almoſt doubled. Where 
in my way it need be drawn out no farther from the ſide of the 
tube than a quarter of the tube's diameter. The charge may 
be alſo conveniently varied, by having 2 or 3 eye-glaſſes of 
ſeveral depths ſet in a girdle; any of which may be adjuſted to 
the metal y by ſliding the girdle about the tube, or by ſliding the 
ring within the tube to which the metal y is faſtened, 

That teleſcopes with convex or concave ſpeculums ſhould be 
overcharged, is not neceſſary; but yet it is not avoidable without 
running upon one of the other two inconveniencies, deſcribed in 

the 7th particular of my conſiderations on Mr, Cafes grain tube, 
as I there intimated. 

To diminiſh ſome of the aforeſaid diſadvantages, there may be 


ſtill new variations or additions to theſe deſigns. As, for inſtance, 
by 
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by uſing two eye- glaſſes. Suppoſe cp repreſent the great concave; Advanta; e of 
x, the little — E, the eye-glaſs; and 6, another double _ 
convex-glaſs, between x and F, on both 
ſides of which the rays croſs. This way 
of redoubling theſe tubes ſeems not infe- 
rior to the reſt. For thus the object ap- 
pears erect ; tbe ſpeculum F intercepts 
leſs light, and the charge may be varied 
at pleaſure, only by changing the poſitions of Gand F. But yet 
this is not without imperfections: and particularly, beſides thoſe” 
common with the other deſigns, this glaſs d will intercept many 
of the beſt rays in their paſſage from the concave cp to the little 
ſpeculum F; unleſs it be made leſs than is conſiſtent with ſome 
other inconveniencies. And by the iterated decuſſations of the 
rays, objects will be rendered leſs diſtinct; as is manifeſt in di- 
optric teleſcopes, where 2 or 3 eye-glailes are applied to erect the 
object. | 
As to the attempt in which Mr. Reeves was employed, I pre- 
| fumed it had been done with much more accurateneſs than Mr. 

Gregory now ſignifies : becauſe Mr. Hook, who you know is a cu- 
rious and accurate experimenter, affirms, in his confiderations 
on my letter to Mr. O/denburg concerning refractions and colours, 
publiſhed in the Tranſactions, No. 80, that he made ſeveral ex- 

_ periments with that inſtrument. And though he lays the blame 
on Mr. Reeves's Encheiria, yet he ſays not that he blamed him: 
then, when the experiment was made. His words are thele ; 
have made ſeveral trials both for teleſcopes and microſcopes. 
* by reflexions, which I have mentioned in my Micrography;. 
but deſerted it as to teleſcopes, when I conſidered, that the focus 
*of a ſpherical concave is not a point, but a line; and that the 
rays are leſs truely reflected to a point by a. concave, than re- 
* Irafted by a convex. Which made me ſeek that by refraction, 
Which I found could not be expected by reflexion. Nor, in- 
* deed, could I find any effect of it, by one of ſix-foot radius, 

* which about 7 or 8 years ſince Mr. Reeves made for Mr. Gre- 
*$0y, with which 1 made ſeveral trials. But it 207 appears 
* that it was for a want of a good encheiria, from which cauſe 

* many 
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« many good experiments have been loſt. Both which conſide. 
& rations diſcouraged me from attempting further that way; eſpe. 
& cially fince I found the parabola much more difficult to execute 
c than the hyperbola or ellipſis.“ 

From hence I might well infer, that the want of a good en. 
cheiria appeared not till now: and that Mr. Hook was diſcourageq 
from attempting further that way, only by theſe 2 or 3 confide. 


rations : that a convex, as he preſumes, refracts more truly than 
a concave reflects: that he found no effect by one of ſix foot ra- 


dius, which till now he attributed to ſome other cauſe than the 
want of a good encheiria; namely, to the ſuppoſed leſs true re- 
flexion of a ſpherical concave : and that he apprehended a greater 
difficulty of deſcribing a parabola than an hyperbola or ellipſi, 
Nor could I well interpret the cauſe, from which many good ex- 
periments have been loſt, to have been other than the want of : 
good encheiria; which till afterwards appears not to have been 


_ wanting. I contend not, that this was Mr. Hoo#'s meaning; but 


only that his words ſeemed to import thus much. Which gave 


me occaſion to think, there was no diligence wanting in making 
the experiment; eſpecially fince he expreſſeth, that he made ſe- 


veral trials with it.. as 

And that you may not think I ſtrained Mr. :Gregory's ſenſe, 
where he ſpeaks of hyperbolic and elliptic glaſſes and ſpeculums 
attempted in vain ; I could aſk, to what end thoſe ſpeculums were 
attempted, if not to compoſe optic inſtruments ? Which is all! 


would infer from thoſe words. For that theſe inſtruments, if at 


all attempted, were attempted in vain, is evident by the want oi 
ſucceſs. 

This, Sir, I have ſaid, not that I deſire to diſcourage the trial 
of any practical way; or to contend with Mr. Gregory about {0 
flender a difference. For I doubt not, but when he wrote hi 
Optica Promota, he could have deſcribed more faſhions than one 
of theſe teleſcopes, and perhaps have run through all the poſi 


ble caſes of them, if he had thought it worth his pains. bt 


cauſe Mr. Caſſegrain propounded his ſuppoſed invention pomp- 
ouſly, as if the main buſineſs was in the contrivance of thel 
inſtruments; I thought fit to ſignify, that that was none of h 

contrivance, 


fr 
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contrivance, nor ſo advantageous as he imagined. And I have 
now ſent you theſe further conſiderations on Mr. Gregory's anſwer, 
only to let you ſee, that I choſe the moſt eaſy and practicable way 
to make the firſt trials. Others may try other ways, Nor do I 


think it material which way theſe inſtruments are perfected, fo 
they be perfected. 


XII. 


Mr. NEW TON'S anſwer to a letter of Mr. GREGORY'S, 
dated March 7, 1673, directed to Mr. COLLINS. 


TT 8 em 
81 R, | April 9, 1763. 


HAVING peruſed Mr. Gregory's candid reply, I have thought Advantage of 
good to ſend theſe further conſiderations upon the differences that _—_ 
till are between us. And, firſt, that a well poliſhed plate reflects, oed. 
at the obliquity of 45 degrees, more truly than direct ones, ſeems 
to me very certain, For the flat tubercula, or ſhallow vallies, 
ſuch as may be the remains of ſcratches almoſt worn out, will 
cauſe the leaſt errors in the obliqueſt rays, which fall on all ſides 
the hill, excepting on the middle of the foreſide and backſide of 
it; that is, where the hill inclines directly towards or directly 
from the ray. For if the ray fall on that ſection of the hill, its 
error is, in all obliquities, juſt double of the hill's declivity. But 
if it fall on any other part of the hill, its error is leſs than dou- 
ble, if it be an oblique ray; and that ſo much the leſs, by how 
much the ray is obliquer. But if it be a direct ray, its error is 
juſt double to the declivity, and therefore greateſt in that caſe. 
preſume, Mr. Gregory, if you think it convenient to tranſmit 
this to him, will eaſily apprehend me. 


How the charge may be varied at pleaſure in-my teleſcope, To vary the 
will charge at 
appear by this figure, where A repreſents the great CONCAVE; pieaturein the 
E, the eye-glaſs; and BCD, a priſm of glaſs or cryſtal ; whoſe waar 
hdes, Bc and BD, are not flat, but ſpherically convex. So that 
the rays which come from d, the focus of the great concave A, 
may, by the refraction of the firſt ſide 3e, be reduced into pa- 
ralleliſm; and after reflexion from the baſe, cD, be made, by the 


VorL. IV. . re fraction 
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refraction of the next ſide, 
BD, to converge to the fo. 
cus of the eye-glaſs k. The 
teleſcope being thus formed, 
Op it appears how the charge 
may be altered, by Varying 
the diſtances of the glaſſes 
and ſpeculum. 
Limita ion of . As for the objection, that 
. e Mr. Gregory's teleſcope wil 
_= be either overcharged or have too {mall an angle of viſion, &c. 
I apprehend, that the difference between us lies in limiting the 
aperture of the eye-glaſs. Mr. Gregory puts it equal to that of | 
the little concave ; but I ſhould rather determine it by this pro- 
portion: That if a middle point be taken between the eye-plaſs 
and its focus; the apertures of the eye-glaſs and concave be pro- 
portional to their diſtances from that point. That 1s, ſuppoſe 
AB the little concave; EF, the eye-glaſs; Gn, their common fo- 
| | cus or image; and k, the mean diſtance 
—_ 6G E. between GH and EF. From the extremityof 
= Az draw Ak, and RK, cutting on the eye- 
B glaſs at Fand£; and EF ſhall be its aperture. 
The reaſon of this limitation 1s, that the ſuperfluous light, 
which comes. on all ſides of the ſpeculum, AB, to the ſpace, cn, 
in which the picture of the object is made, may fall beſides the 
eye · glaſs. For if it ſhould paſs through it to the eye, it would 
exceedingly blend thoſe parts of the picture with which it 1 
mixed; and ſuch are thoſe parts of it which extend themſelves 
beyond the lines AK, BK :. as I remember I ſaid in my former let- 
ter; that the ſcattering light, which falls on the eye-glaſs, will 
diſturb the viſion. And this is to be underſtood of any ſtraggling 
light, which comes not from the picture. But if it come from 
the picture to the eye-glaſs, the diſturbance will be much great- 
er, ſo as not to be allowed of. Apainſt the firſt I fee no ver) 
convenient remedy ; and again{t the laſt, none but aſſigning à 
ſmall aperture to the eye-glaſs, ſuppoſing the teleſcope is uſed in 
: the day-time, or in too great light, or to view the moon, or any 


ſtar 


94 
5 


Reuſon of the 
Limitation.. 
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reaſon the aperture be limitted by any rule; the angle of viſion 
will become Very ſmall, as I affirmed: for inſtance, in that caſe 
when Mr. Gregory in his poſtfcript puts it about 20 degrees, it 
will be reduced to leſs than half a degree. Yet I confeſs there 
is 2 way, by Which the angle of viſion may be ſomething en- 


larged, but it will not be very conſiderably, unleſs the eye-glaſs 


be alſo deeper charged. 


ä 


Why I aſſign a concave with an eye-glaſs to magnify ſmall ob- Why the Fye- 
| glaſs is uſed . 
without a 
Coucave, 


jects (in Tranſ. p. 30 80) and yet an eye-glaſs without ſuch a con- 
cave to magnify the image of the great concave, which is equi- 
valent to a ſmall object, is, becauſe that image doth not require 
to be magnified ſo much as an object by a microſcope: and, fur- 
ther, becauſe the angle of the pencil of rays, which flow from 
any point of the ſmall object, that the object may appear ſuſſi- 
ciently luminous, ought to be as great as poſſible : and a concave 
will with equal diſtinctneſs reflect the rays at a greater angle of 


the pencil than in a lens: but in the teleſcope the angles of theſe 


pencils are not ſo great as to tranſcend the limits, at which an 


eye-glaſs may, with ſufficient diſtinctneſs, refract them; and there- 
fore in theſe inſtruments, I chooſe to lay all the ſtreſs of magni- 


tying upon the eye-glaſs as it is well capable of; and the exceſs 
only upon the concave. 


Concerning my citation of Mr. Gregory againſt Mr. Caſſegrain, 


the force of it lies only in the inference, that optic inſtruments 
moſt probably, according to Mr. Cayzgrain's deſign, had been tried 
by reflexion ; which I think I might well infer, without having 
regard to the ſpecific figure of the ſpeculum, which Mr. Gregory 
there ſpoke of. And therefore I think it cannot be ſaid, that I 
made him ſpeak of ſpheric figures, where his meaning was of 
hyperbolic or elliptic ones. But if I ſhould be ſo underſtood, be- 
Cauſe I put the figure of the great concave to be ſpherical, wher- 
ever I ſpecified it; I know not why I might not, by way of con- 
lequence, make that interpretation. For it is not probable, that 
any man would attempt hyperbolic and elliptic figures of ſpecu- 
lums, until the event of ſpherical ones had been firit tried, 
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And accordingly the trial of Mr. Gregory with Mr. Reeve was 
by a ſpherical figure; which trial, although I am now ſatisfied 
that it was made very rudely, yet by the information that I had 
of it, when I wrote the letter about Mr. Caſſegrain, I apprehended 
it to have been made with great diligence and curioſity ; as I fig- 
nified in my former letter at large. And this I hope may excuſe 
me for ſpeaking of it in the Tranſactions, as if 1t had been tried 
with more accuracy than really it was. And thus much concern. 
ing the teleſcope. 8 5 

The deſign of the burning ſpeculum appears to me very plau- 
ſible, and worthy of being put in practice. What artiſts may 
think of it, I know not; but the greateſt difficulty in the prac- 
tice, that occurs to me, is to proportion the two ſurfaces ſo, that 
the force of both may be in the ſame point according to the theo- 
ry; but perhaps it is not neceſſary to be ſo curious. For it ſeems 
to me, that the effect would ſcarce be ſenſibly leſs, if both ſides 
ſhould be ground to the concave and gage of the ſame tool. 
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To Mr. OLDENBURG. 


Cambrid e, 
8 I Ry Feb. l 


„1672. 


No perform my late promiſe to you, I ſhall without further Of the 
5 „ Coloured 
ceremony acquaint you, that in the year 1666 (at which primaic 
time J applied myſelf to the grinding of optick-glaſſes of other — 
figures than ſpherical) J procured me a triangular glaſs- priſm, to 
try therewith the celebrated phænomena of colours. And in or- 
der thereto, having darkened my chamber, and made a ſmall 
hole in my window-ſhuts, to let in a convenient quantity of the 
ſun light, I placed my priſm at its entrance, that it might be 
thereby refracted to the oppoſite wall. It was at firſt a very pleaſ- 
ng divertiſement, to view the vivid and intenſe colours produced 
thereby ; but after a while applying myſelf to confider them 
more circumſpectly, I became ſurpriſed to ſee them in an oblong 
| form; which, according to the received laws of refractions,. I 
expected ſhould have been circular. They were terminated at 
the ſides with fireight lines, but at the ends the decay of light 
was ſo gradual, that it was difficult to determine juſtly what was 
their figure, yet they ſeemed ſemicircular. | 
Comparing the length of this coloured /pec7rum with its ene pg 
breadth, I found it about five times greater; a diſproportion ſo he Dena 
extravagant, that it excited me to a more than ordinary curioſity —— 
ol examining from whence it might proceed. I could ſcarce 
think, that the various thickneſs of the glaſs, or the termination 
with 
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The difpro- with ſhadow or darkneſs, could have any influence on light to 
portion no 


effect of the Produce ſuch an effect: yet I thought it not amiſs, firſt to exg. 
mung be mine thoſe circumſtances, and ſo tried what would happen bh 
tranſmitting light through parts of the glaſs of divers thickneſſez 
or through holes in the window of divers bigneſſes, or by ſettin 
the priſm without, ſo that the light might paſs through it, and 
be refracted, before it was terminated by the hole: but! found 
none of thoſe circumſtances material. The faſhion of the <. 
lours was in all theſe caſes the ſame. 
Nor of any Then 1 ſuſpected, whether by any unevenneſs in the glaſs, or 
the glas. Other contingent irregularity, theſe colours might be thus di- 
lated. And to try this, I took another priſm like the former, 
and fo placed it, that the light paſſing through them both, might 
be refracted contrary ways, and ſo by the latter returned into 
that courſe from which the former had diverted it: for by this 
means I thought the regular effects of the firſt priſm would be 
deſtroyed by the ſecond priſm, but the irregular ones more aug- 
mented, by the multiplicity of refractions. The event was, that 
the light, which by the firſt priſm was diffuſed into an oblong 
form, was by the ſecond reduced into an orbicular one, with 2 
much regularity as when it did uot at all paſs through them. 8 
that whatever was the cauſe of that length, it was not any con- 
tingent irregularity. 


ee then proceeded to examine more critically, what might be 
8 effected by the difference of the incidence of rays coming from 
paris of e divers parts of the ſun; and to that end, meaſured the ſever 
_—_ lines and angles belonging to the image. Its diſtance from the 
hole or priſm was 22 foot; its utmoſt length 13+ inches; ib 
breadth 23; the diameter of the hole 5 of an inch. The angle 
which the rays, tending towards the ile of the image, made 
with thoſe lines, in which they would have proceeded with 
refraction, was 44 deg. 56 min. and the vertical angle of the 
priſm 63 deg. 12 min. Alſo the refractions on both ſides the 
priſm, that is, of the incident and emergent rays, were, as Na 
as I could make them, equal; and conſequently about 54 deg: + 
min. And the rays fell perpendicularly upon the wall. NoV 
ſubducting the diameter of the hole from the length and breadth 


7 . of 


LIGHT AND COLOURS. 
of the image, there remains 13 inches in the length, and 23 the 
breadth, comprehended by thoſe rays which paſſed through the 
center of the ſaid hole; and conſequently the angle of the hole, 
which that breadth ſubtended, was about 31 min. anſwerable to 
the ſan's diameter ; but the angle which its length ſubtended, 
was more than 5 ſuch diameters, namely, 2 deg. 49 min. 
Having made theſe obſervations, I firſt computed from them 
the refractive power of that glaſs, and found it meaſured by the 
ratio of the ſines 20 to 31; and then by that ratio I computed 


the refractions of two rays flowing from oppoſite parts of the 
ſun's di/cas, ſo as to differ 31 min. in their obliquity of incidence, 


and found that the emergent rays ſhould have comprehended an 
angle of about 31 min. as they did before they were incident. 

But becauſe this computation was founded on the hypotheſis 
of the proportionality of the ſines of incidence and refraction, 
which though by my own experience I could not imagine to be 
ſo erroneous, as to make that angle but 31 min. which in reality 
was 2 deg. 49 min. yet my curioſity cauſed me again to take my 
priſm: and having placed it at my window, as before, I obſerved, 
that by turning it a little about its axis to and fro, ſo as to vary 


its obliquity to the light, more than an angle of 4 or 5 degrees, 


the colours were not thereby ſenſibly tranflated from their place 
on the wall ; and conſequently by that variation of incidence, 
the quantity of refraction was not ſenſibly varied. By this ex- 
periment, therefore, as well as by the former computation, it 
was evident, that the difference of the incidence of rays, flowing 
from divers parts of the ſun, could not make them after decuſ- 
ation diverge at a ſenſibly greater angle, than that at which they 
before converged ; which being at moſt but about 3 1 or 32 min. 
there ſtill remained ſome other cauſe to be found out, from 
whence it could be 2 deg. 49 min. | 

Then I began to ſuſpect, whether the rays, after their trajec- 
tion through the priſm, did not move in curve lines, and accord- 
ing to their more or leſs curvity, tend to divers parts of the wall. 
And it increaſed my ſuſpicion, when I remembered that I had 
often ſeen a tennis-ball, ſtruck with an oblique racket, deſcribe 
luch a curve line. For, a circular as well as a progreſſive mo- 
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tion being communicated to it by that ſtroke, its parts, on thy 
ſide where the motions conſpire, muſt preſs and beat the con. 

tiguous air more violently than on the other, and there excite ; 
reluctancy and re-aCtion of the air proportionably greater. And 

for the ſame reaſon, if the rays of light ſhould poſſibly be glo- 
bular bodies, and by their oblique paſſage out of one medium 

into another acquire a circulating motion; they ought to feel the 

greater reſiſtance from the ambient ether, on that ſide where the 

motions conſpire, and thence be continually bowed to the other, 

But notwithſtanding this plauſible ground of ſuſpicion, when! 
came. to examine it, I could obſerve no ſuch curvity in then, 

And beſides (which was enough for my purpoſe) I obſerved, that 

the difference betwixt the length of the image and the diameter 

of the hole, through which the light was tranſmitted, was * 

pPortionable to their diſtance. 
. gradual removal of theſe Caſpicions at length led me to 
the experimentum Crucis, which was this. I took two boards, 

and placed one of them cloſe bebind the priſm at the window, ſo 
that the light might paſs through a ſmall hole, made in it for 
the purpoſe, and fall on the other board, which I placed at about 
I 2 feet diſtance, having firſt made a ſmall hole in it alſo for ſome 
of that incident light to paſs through. Then I placed another 
priſm behind this ſecond board, ſo that the light trajected 
through both the boards might paſs through that alſo, and be 
again refracted before it arrived at the wall. This done, I took 
the firſt priſm in my hand, and turned it to and fro flowly about 
its axis, ſo much as to make the ſeveral parts of the image, cal 
on the ſecond board, ſucceſſively paſs through the hole in it, that 

1 might obſerve to what places on the wall the ſecond priſm would 
refract them. And I ſaw, by the variation of thoſe places, that 

the light, tending to that end of the image towards which the 
refraction of the firſt priſm was made, did in the ſecond priſm 

ſuffer a refraction conſiderably greater than the light tending to 

the other end. And ſo the true cauſe of the length of that 

image was detected to be no other, than that 449“ is not ſimilar 

or homogeneal, but conſiſts of diform rays, ſome of which dis 


more refrangible than others; t0 that without any difference in 
2 their 
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LIGHT AND COLOURS. 
their incidence on the ſame medium, ſome ſhall be more refracted 
than others; and therefore that, according to their Particular de- 


on- 

orees of refrangibility, they were tranſmitted through the priſm 

\nd to divers parts of the oppoſite wall. 

lo- When -I underſtood this, 1 left off my aforeſaid glaſs- e ng 
um works; for I ſaw, that the perfection of teleſcopes was hitherto tion of 
the limited, not ſo much for want of glaſſes truly figured according e 
the to the preſcriptions of optick authors (which all men have hi- 

her, therto imagined) as becauſe that igt itſelf is an heterogeneous 
en ! mixture of differently refrangible rays : fo that were a glaſs ſo ex- 
em, ally figured as to collect any one ſort of rays into one point, it 

that could not collect thoſe alſo into the ſame point, which, having 
eter the ame incidence upon the ſame medium, are apt to ſuffer a 

pro- different refraction. Nay, I wondered, that ſeeing the differ- 

| ence of refrangibility was ſo great as I found, teleſcopes ſhould 

e to arrive to that perfection they are now at: for, meaſuring the re- 

rds, fractions in one of my priſms, I found, that ſuppoſing the com- 

, ſo mon ſine of incidence upon one of its planes was 44 parts, the 

for fine of refraction of the utmoſt rays on the red end of the co- 
bout lours, made out of the glaſs into the air, would he 68 parts; 
ome and the fine of refraction of the utmoſt rays on the other end, 
ther 69 parts ; ſo that the difference is about a 24th or 25th part of 
Cted the whole refraction. And, conſequently, the object-glaſs of any 

d be teleſcope cannot collect all the rays which come from one point 
took of an object, ſo as to make them convene at its focus in leſs room 
bout than in a circular ſpace, whoſe diameter is the ;oth part of the 
cat diameter of its aperture; which is an irregularity, ſome hun- 
that dreds of times greater than a circularly figured lens, of ſo ſmall 
ould a ſection as the objeCt-glaſſes of long teleſcopes are, would cauſe 
that by the unfitneſs of its figure, were light uniform. 
1 the This made me take reflections into conſideration; and finding 
"rim them regular, ſo that the angle of reflection of all ſorts of rays 
ng (0 was equal to their angle of incidence, I underſtood, that by their 
that mediation optick inſtruments might be brought to any degree of 
milar perfection imaginable, provided a reflecting ſubſtance could be 
1 405 found which would poliſh as finely as glaſs, and reflect as much 
ce In 


light as glaſs tranſmits, and the art of communicating to it a pa- 
Qq 2 rabolick 
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rabolick figure be alſo attained. But theſe ſeemed very great 
difficulties, and I have alſo thought them infuperable, when 1 
farther conſidered, that every irregularity in a reflecting ſuperfi- 
cies makes the rays ſtray 5 or 6 times more out of their due 
courſe, than the like irregularities in a refracting one: ſo that a 
much greater curioſity would be here requiſite, than in figuring 
glaſſes for refraction. 7 
Amidſt theſe thoughts, I was forced from Cembridee anno. 
1 666, by the intervening plague, and it was more than two years 
before I proceeded further. But then having thought on a ten- 
der way of poliſhing, proper for metal, whereby, as I imagined, 
the figure would be corrected to the laſt; I began to try what 
might be effected in this kind, and by degrees ſo far perfected an 
inſtrument, in the eſſential parts of it like that I ſent to London, 
by which I could diſcern Jupiters four concomitants, and ſhewed 
them divers times to. two others of my acquaintance. I could 
alſo diſcern the moon-like ph of Venus, but not very diſtinct- 
ly, nor without ſome niceneſs in diſpoſing the inftrument. 

From that time I was interrupted, tall this laſt autumn, when 
I made another. And as that was ſenſibly better than the firſt, 
eſpecially for day-objects, ſo I doubt not but they will be ſtill 
brought to.a much. greater perfection by their endeavours, who, 
as you inform me, are taking care about it at London. 

I have ſometimes thought to make a microſcope, which ſhould 
have, inſtead of an object- glaſs, a reflecting piece of metal. For 
S theſe inſtruments ſeem as capable of improvement 
as teleſcopes, and perhaps more; becauſe but one 
reflective piece of metal is requiſite in them, as 
you may perceive by the diagram; where AC re- 
preſenteth the object- metal; cp, the eye-glaſs; F, 

their common focus; and o, the other focus of the 
metal, in which the object is placed, 

But to return from this digreſſion, 1 told you, that light is not 
ſimilar or homogeneral, but conſiſts of difform rays, ſome of 
which are more refrangible than others : ſo that of thoſe which 
are alike incident on the ſame medium, ſome ſhall be more re- 
tracted than others ; and that not by virtue of the glaſs, or other 
external 
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external cauſe, but from a pre-difpoſition, which every particular 
ray hath to ſuffer refraction, 


difformity in its rays, wherein the origin of colours is unfolded : 
concerning which I fhall lay down the doctrine firſt ; and then, 
for its examination, give you an inſtance of two of the experi- 
ments, as a ſpecimen of the reſt. 

The doctrine you will find comprehended and Muftrated i in the 
following propoſitions. 

I. As the rays of light differ in degrees of mwg bim y lb 
they alſo differ in their diſpoſition to exhibit this or that particular 
colour. Colours are not qualifications of light, derived from re- 
fractions, or reflections of natural bodies (as it is generally be- 
lieved) but original and connate properties, which in divers rays 
are divers. Some rays are diſpoſed to exhibit a Red colour, and 
no other; ſome a Yellow, and no other; ſome a Green, and no 
other; and ſo of the reſt. Nor are there only rays proper and 
particular to the more eminent colours, but even to all their in- 
termediate gradations. 

II. To the ſame degree of refrangibility ever valves the ſame: 
colour, and to the ſame colour ever belongs the ſame degree of 
refrangibility. The leaſt refrangible rays are all diſpoſed to ex- 
hibit a Red colour; and contrarily,, thoſe rays which are diſpoſed: . 
to exhibit a Red colour, are all the leaſt refrangible: ſo the moſt 
refrangible rays are all diſpoſed. to exhibit a deep Violet colour; 
and contrarily, thoſe which. are apt to exhibit ſuch a Violet co-- 
lour, are all the moſt refrangible : and ſo to all the intermediate 
colours in a continued ſeries belong intermediate degrees of re- 
Irangibility. And this analogy betwixt colours and refrangibility 
is very preciſe and ſtrict; the rays alwoys either exactly agreeing. 
in both, or proportionably diſagreeing in both. 

III. The ſpecies of colour, and degree of refrangibility proper 
to any particular ſort of rays, is not mutably by refraction, nor 
by reflection from natural bodies, nor by any other cauſe that I. 
could yet obſerve. When any one fort of rays hath been well 
parted from thoſe of other kinds, it hath afterwards obſtinately 


retained its colour, notwithſtanding my utmoſt endeavours to 
5 change 


ISHALL now proceed to acquaint you with another more notable Origin of 


Colours. 
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change it. I have refracted it with priſms, and reflected it with 
bodies, which in day-light were of other colours; I have inter- 
cepted it with the coloured film of air, interceding two compreſ- 
ſed plates of glaſs; tranſmitted it through coloured mediums, and 


through mediums irradiated with other forts of rays, and diverſſy 
terminated it; and yet could never produce any new colour out 


of it. It would, by contracting or dilating, become more briſk, 
or faint, and by the loſs of many rays, in ſome caſes very ob- 
ſcure and dark; but I could never ſee it changed in ſpecie. 


IV. Yet ſeeming tranſmutations of colours may be made, where 
there is any mixture of divers ſorts of rays: for in ſuch mix- 


tures, the component colours appear not; but, by their mutual 
allaying each other, conſtitute a middling colour. And there- 


fore, if by refraction, or any other of the aforeſaid cauſes, the 


difform rays, latent in ſuch a mixture, be ſeparated, there ſhall 


emerge colours different from the colour of the compoſition, 


Which colours are not new generated, but only made apparent 


by being parted; for if they be again intirely mixed and blended 


together, they will again compoſe that colour, which they did 
before ſeparation. And, for the ſame reaſon, tranſmutations, 
made by the convening of divers colours, are not real; for when 


the difform rays are again ſevered, they will exhibit the very ſame 5 


colours, which they did before they entered the compoſition; as 


you ſee Blue and Yellow powders, when finely mixed, appear to 


the eye Green; and yet the colours of the component corpuſcles 
are not thereby really tranſmuted, but only blended. For when 
viewed with a gcod microſcope, they {till appear Blue and Yellow 
interiperſedly. 

V. There are therefore two ſorts * colours, the one original 
and ſimple, the other compounded of theſe. The original or 
primary colours are, Red, Yellow, Green, Blue, and a Vaolet- 


Purple, together with Orange, Indico, and an indefinite variety. 


of intermediate gradations. 


VI. The fame colours in ſpecie, with theſe primary ones, may 
be alſo produced by compoſition. For a mixture of Yellow and 


Blue makes Green; of Red and Yellow makes Orange ; of 


Orange and Yellowiſh Green makes Yellow. And, in general, 
= it 
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if any two colours be mixed, which in the ſeries of thoſe gene: Colours. 


rated by the priſm are not too far diſtant from one another; they, 
by their mutual alloy, compound that colour, which in the ſaid 
ſeries appeareth in the midway between them. But thoſe which 
are ſituated at too great a diſtance, do not ſo. Orange and Indico 
produce not the intermediate Green nor Scarlet and Green the 
intermediate Yellow. 

VII. But the moſt ſurprizing and wonderful compoſition was 
that of Whiteneſs. There is no one ſort of rays which alone can 
"exhibit this. It is ever compounded ; and to its compoſition are 
requiſite all the aforeſaid primary colours, mixed in a due propor- 


tion. I have often with admiration beheld, that all the colours. 


of the priſm being made to converge, and thereby to be again 
mixed, as they were in the light before it was incident upon the 
priſm, reproduced light entirely and perfectly White, and not 
at all ſenfibly differing from a direct light of the ſun, unleſs when 
the glaſſes I uſed were not ſufficiently clear; for then they would. 
a little incline it to their colour. 


VIII. Hence, therefore, it comes to paſs, that Wyiteneſp i is the 
uſual colour of light; for light is a confuſed aggregate of rays. 


indued with all ſorts of colours, as they were promiſcuouſly: 
darted from the various parts of luminous bodies. And of ſuch: 


a confuſed. aggregate, as I ſaid, is generated Whitenels,. if there: 
be a: due proportion of the ingredients; but if any one. predo-- 


minate, the light muſt incline to that colour ; as it happens ins 
the blue flame of brimſtone ;. the yellow flame of. a candle; and: 
the various colours of the fixed ſtars.. 

IX. Theſe things confidered, the manner how colours are pro-- 
duced by the priſm is evident. For, of the rays, conſtituting”, 
the incident light, ſince thoſe which differ in colour proportion- 
ally differ in refrangibility, they, by their unequal refractions, 
muſt be ſevered and diſperſed into an oblong form in an orderly 
fucceſſion, from the leaſt refracted Scarlet, to the moſt refracted 
Violet. And for the ſame reaſon it is, that objects, when looked 
upon through a priſm, appear coloured. For the differm rays, 


by their unequal refractions, are made to diverge towards ſeveral} 


parts of the retina, and there expreſs the images of things co- 
loured 3. 
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ſed plates of glaſs; tranſmitted it through coloured mediums, and 


or faint, and by the loſs of many rays, in ſome caſes very ob. 


fore, if by refraction, or any other of the aforeſaid cauſes, the 


emerge colours different from the colour of the compoſition, 


made by the convening of divers colours, are not real ; for when 
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change it. I have refracted it with priſms, and reflected it with 


bodies, which in day-light were of other colours ; I have inter. 
cepted it with the coloured film of air, interceding two compref. 


through mediums irradiated with other ſorts of rays, and diverſly 
terminated it; and yet could never produce any new colour out 
of it. It would, by contracting or dilating, become more briſk, 


ſcure and dark; but I could never ſee it changed in ſpecie. 

IV. Yet ſeeming tranſmutations of colours may be made, where 
there is any mixture of divers ſorts of rays: for in ſuch mix- 
tures, the component colours appear not; but, by their mutual 
allaying each other, conſtitute a middling colour. And there- 


difform rays, latent in ſuch a mixture, be ſeparated, there ſhall 


Which colours are not new generated, but only made apparent 
by being parted; for if they be again intirely mixed and blended 
together, they will again compoſe that colour, which they did 
before ſeparation. And, for the ſame reaſon, tranſmutations, 


the difform rays are again ſevered, they will exhibit the very ſame 
colours, which they did before they entered the compoſition ; as 
you ſee Blue and Yellow powders, when finely mixed, appear to 
the eye Green; and yet the colours of the component corpuſcles 
are not thereby really tranſmuted, but only blended. For when 
viewed with a gcod microſcope, they ſtill appear Blue and Yellow 
interſperſedly. 

V. There are therefore two ſorts of colours, the one original 
and {imple, the other compounded of theſe. The original or 
primary colours are, Red, Yellow, Green, Blue, and a Violet- 
Purple, together with Orange, Indico, and an indefinite variety | 
of intermediate gradations. 

VI. The ſame colours in ſpecie, with theſe primary ones, May 
be alſo produced by compoſition. For a mixture of Yellow and 
Blue makes Green; of Red and Yellow makes Orange; 01 


Orange and Yellowiſh Green makes Yellow. And, in general, 
it 


LIGHT AND COLOURS. 


rated by the priſm are not too far diſtant from one another; they, 
by their mutual alloy, compound that colour, which in the ſaid 
ſeries appeareth in the midway between them. But thoſe which 
are ſituated at too great a diſtance, do not ſo. Orange and Indico 
produce not the intermediate Green nor Scarlet and Green the 
intermediate Yellow. 

VII. But the moſt ſurprizing and wonderful compoſition was 
that of Whiteneſs. There is no one ſort of rays which alone can. 
exhibit this. It is ever compounded ; 


tion. I have often with admiration beheld, that all the colours 
of the priſm being made to converge, and thereby to be again 
mixed, as they were 1n the light before it was incident upon the 
priſm, reproduced light entirely and perfectly White, and not 
at all ſenfably differing from a direct light of the ſun, unleſs when 
the glaſſes I uſed were not ſufficiently clear; for then oy would 
a little incline it to their colour. 

VIII. Hence, therefore, it comes to paſs, that Whiteneſs is the 


uſual colour of light; for light is a confuſed aggregate of rays 


indued with all ſorts of colours, as they were promiſcuouſly 
darted from the various parts of luminous bodies. And of ſuch: 


a confuſed. aggregate, as I ſaid, is generated Whiteneſs, if there: 


be a due proportion of the ingredients; but if any one. predo-- 
minate, the light muſt incline to that colour; as it happens in 
the blue flame of brimſtone; the yellow flame of. a candle; and: 
the various colours of the fixed ſtars.. 

IX. Theſe things conſidered, the manner how colours are pro- 
duced by the priſm is evident. For, of the rays, conſtituting» 
the incident light, ſince thoſe which differ in colour proportion- 
ally differ in refrangibility, they, by their unequal refractions, 

mult be ſevered and diſperſed into an oblong form in an,orderly 

fucoeſſion, from the leaſt refracted Scarlet, to the moſt refracted 

Violet. And for the ſame reaſon it is, that objects, when looked; 
upon through a priſm, appear coloured. For the differm rays, 
by their unequal refractions, are made to diverge towards ſeveral 
parts of the retina, and there. expreſs the images of things co- 

loured;. 


and to its compoſition are 
requiſite all the aforeſaid primary colours, mixed in a due propor- 
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Ougin of loured; as in the former caſe they did the ſun's image Upon a 


wall. And by this inequality of refractions, they become not 
only coloured, but alſo very confuſed and indiſtint. 

X. Why the colours of the rainbow appear in falling drops 
of rain, is alſo from hence evident. For thoſe drops, which re. 
fract the rays diſpoſed to appear Purple in greateſt quantity to 
the ſpectator's eye, refract the rays of other ſorts ſo much leſs, 
as to make them paſs beſide it; and ſuch are the drops on the 
inſide of the primary bow, and on the outſide of the ſecondary 
or exterior one. So thoſe drops, which refract in greateſt plenty 
the rays apt to appear Red toward the ſpectator's eye, refract 
thoſe of other forts ſo much more, as to make them paſs beſide 
it; and ſuch are the drops on the exterior part of the primary, 
and interior part of the ſecondary bow. 


XI. The odd phenomena of an infuſion of /ignum nepbriti 


cum, leaf-gold, fragments of coloured glaſs, and ſome other 


tranſparently coloured bodies, appearing in one poſition of one 


colour, and of another in another, are on theſe grounds no longer 


riddles, For thoſe are ſubſtances apt to reflect one ſort of light, 
and tranſmit another; as may be ſeen in a dark room, by illu- 


minating them with ſimilar or uncompounded light. For then 
they appear of that colour only with which they are illuminated; 


but yet in one poſition more vivid and luminous than in another, 


accordingly as they are diſpoſed more or leſs to reflect or tranſ- 
mit the incident colour. 


XII. From hence alſo is manifeſt the reaſon of an unexpected 


experiment, which Mr. Hook, ſomewhere in his Micrograpyy, re- 
lates to have made with two wedge-like tranſparent veſſels, filled 
the one with a Red, the other with a Blue liquor: namely, that 
though they were ſeverally tranſparent enough, yet both toge- 
ther became opake : for if one tranſmitted only Red, and the 
other only Blue, no rays could paſs through both. 

XIII. I might add more inſtances of this nature, but! ſhall 
conclude with this general one : That the colours of all natural 
bodies have no other origin than this; that they are variouſly qua- 
liſied to reflect one ſort of light in greater plenty than another. 


And this I have experienced in a dark room, by ane 
thoſe 
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thoſe bodies with uncompounded light of divers colours. For Colour. 
by that means any body may be made to appear of any colour, 
They have there no appropriate colour, but ever appear of the 
colour of the light caſt upon them ; but yet with this difference, 
that they are moſt briſk and vivid in the light of their own day- 
light colour. Minium appeareth there of any colour indifferent- 
1y, with which it is illuſtrated ; but yet moſt luminous in Red: 
and ſo Biſe appeareth indifferently of any colour, with which it is 
illuſtrated; but yet moſt luminous in Blue: and therefore Miniun 
reflecteth rays of any colour, but moſt copiouſly thoſe endowed 
with Red; and conſequently when illuſtrated with day-light, that 
is, with all ſorts of rays promiſcuouſly blended, thoſe qualified 
with Red ſhall abound moſt in the reflected light, and by their 
prevalence cauſe it to appear of that colour. And for the ſame 
reaſon Biſe, reflecting Blue moſt copiouſly, ſhall appear Blue by 
the exceſs of thoſe rays in its reflected light; and the like of 
other bodies. And that this is the entire and adequate cauſe of 
their colours is manifeſt, becauſe they have no power to change 
or alter the colours of any ſort of rays incident apart, but put on 
all colours indifferently, with which they are enlightened. | 

Theſe things being ſo, it can be no longer diſputed, whether Tight not a 
there be colours in the dark, or whether they be the qualities of rig 
the objects we ſee; no, nor perhaps whether light be a body. 

For, ſince colours are the qualities of light, having its rays for 
their intire and immediate ſubject, how can we think thoſe rays 
qualities alſo, unleſs one quality may be the ſubject of, and ſuſ- 
tain another? which, in effect, is to call it ſubſtance, We ſhould 
not know bodies for ſubſtances, were it not for their ſenſible qua- 
lities; and the principal of thoſe being now found due to ſome- 
thing elſe, we have as good reaſon to believe that to be a ſub- 
ſtance alſo. 3 

Beſides, who ever thought any Quality to be a heterogeneous 
*Sgregate, ſuch as light is diſcovered to be? But to determine 
more abſolutely what light is, after what manner refracted, and 
by what modes or actions it produceth in our minds the phantaſms 
of colours, is not ſo eaſy : and I ſhall not mingle conjectures 
with certainties, | | 
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Proof by 


Experiment. 


THEORY OF 
Akvixwixe what I have written, I ſee the diſcourſe itſelf win 
lead to divers experiments ſufficient for its examination: and 
therefore I fhall not trouble you farther than to deſcribe one of 
thoſe which I have already inſinuated. 


im a darkened room make a hole in the ſhut of a window, 


whoſe diameter may conveniently be about a third part of an 
inch, to admit a convenient quantity of the ſun's light: and 
there place a clear and colourleſs priſm, to refract the entering 
light towards the further part of the room; which, as I ſaid, will 


thereby be diffuſed into an oblong coloured image. Then place 


a lens of about 3 foot radius, ſuppoſe a broad object-glaſs of a 
three foot teleſcope, at the diſtance of about 4 or 5 foot from 


thence, through which all thoſe colours may at once be tranſmit- 
ted, and made by its refraction to convene at a further diſtance 


of about 10 or 12 feet. If at that diſtance you intercept this 


light with a ſheet of white paper, you will ſee the colours con- 


verted into Whiteneſs again by being mingled. But it is requi- 


fite that the priſm and lens be placed ſteady, and that the paper, 
on which the colours are caſt, be moved to and fro; for by ſuch 


motion you will not only find at what diſtance the Whiteneſs is 
molt perfect, but alfo ſee how the colours gradually convene and 
vaniſh into whiteneſs; and afterwards, having croſſed one au- 
other in that place where they compound whiteneſs, are again 
diſſipated and ſevered, and, in an inverted order, retain the ſame 
colours which they had before they entered the compoſition. You 
may allo ſee, that if any of the colours at the lens be intercept- 
ed, the whiteneſs will be changed into the other colours. And 
therefore, that the compoſition of whiteneſs be perfect, care muſt 
be taken that none of the colours fall beſides the lens. In the 
annexed deſign of this experiment, ABC [id. Lecl. Opt. Par. . 
Jab. III. fig. 14. ] expreſſeth the priſm ſet endwiſe to fight, cloſe 
by the hole r, of the window EG. Its vertical angle, ACB, ma) 
conveniently be about 63 deg. MN deſigneth the lens: its 
breadth, 22, or 3 inches. oF, one of the ſtraight lines, in which 
difform rays may be conceived to flow fucceſſively from the ſun. 
rr, and FT, two of thoſe rays unequally refracted, which the 
lens makes to converge towards x, and after decuſſation to oF 
verg 
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verge again. And vr, x, il, the paper, at divers diſtances, on 


| which the colours are projected; which in x conſtitute whiteneſs, 
| put are Red and Yellow in r, and 7, and Blue and Purple in p, 
and x. 

; If you proceed further to try the impoſſibility of changing tmmutbiliy 1 
5 any uncompounded colour, which I have aſſerted in the 3d and 2 1 
| 13th Propoſitions, it is requiſite that the room be made very 1 
dark; leſt any ſcattering light, mixing with the colour, diſturb . 
| and allay it, and render it compound contrary to the deſign of the 1 
- experiment: it is alſo requiſite that there be a perfecter ſeparation > | 
a of the colours, than, after the manner above deſcribed, can be 1 
1 made by the refraction of one ſingle priſm ; and. how to make bf 
. ſuch further ſeparations, will ſcarce be difficult to them that con- * 
e fider the diſcovered laws of refractions. But if trials ſhall be N 
J made with colours not throughly ſeparated, there muſt be al- gl 
- lowed changes proportionable to the mixture. Thus if com- ij 
- pound Yellow light fall upon the Blue biſe, the bite will not ap- "nn 
A pear perfectly Yellow, but rather Green: becauſe there are in the 10 
b Yellow mixture many rays endued with Green ; and Green, being ik 
$ leſs remote from the uſual Blue colour of biſe than Yellow, is the by 
d more copioully reflected by it. vj! 
- In like manner, if any one of the vvifanatic colours, cappoſe Ml. 
n Red, be intercepted, on deſign to try the aſſerted impoſſibility of ug 
e reproducing the colour out of the others which are pretermit- 1 
u ted; it is neceſſary, either that the colours be very well parted "= 
t- before the Red be intercepted, or that together with the Red, the 1 
d neighbouring colours, into which any Red is ſecretly diſperſed, 5 1 
ſt that is, the Yellow and perhaps Green too, be intercepted : or elſe, i 
e that allowance be made for the emerging of ſo much Red out of 10 
. the Vellow- green, as may poſſibly have been diffuſed, and ſcat- * 
le teringly blended in thoſe colours, And if theſe things be ob- | 
ay ſerved, the new production of Red, or of ny other intercepted i 
its colour, will be found impoſſible. 
ch This I conceive is enough for introduction to —— of chis 
Iſh kind ; which, if any of the Royal Society ſhall be ſo curious as to 
. proſecute, I ſhall be very glad to be informed with what ſucceſs: 

* 


that if any thing ſeem to be defective, or to thwart this relation, 
— I may 
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I may have an opportunity of giving further direction about jt; 
or of acknowledging my errors, if I have committed any. 


II. 
NEWTONUS OLDENBURGO S. 
Reply to ACCEPI obſervationes Reverendi Patris Ignatii Pardies in 
gnatius 


Pardiess Epiſtolam meam de Lucis refractionibus et Coloribus ad te con- 
ſcriptam ; quo nomine me illi devinctum agnoſco ; atque hc 


difficultatibus, quas propoſuit, diluendis reſcribo. 


Thelength of Imprimis ait longitudinem ſolaris imaginis, a refractione priſ- 
the priſmatic 


image of the matis refractione effectam, non alia indigere cauſa, quam diverſa 
un not 


cauſed by un- Tadiorum ab oppoſitis partibus ſolaris diſci profluentium inciden- 
equal f ne tia 3 adeoque non probare diverſam refrangibilitatem radiorum, 
Rays, Et quo aſſertionis ejus veritatem confirmet, oftendit caſum, in 
quo ex diverſa incidentia triginta minutorum, differentia refrac- 
tionis poteſt eſſe duorum graduum cum viginti tribus minutis, 
vel etiam paulo major, prout exigit meum experimentum. Sed 


hallucinatus eſt reverendus Pater: nam refractiones a diverſa 


parte priſmatis, quantum poteſt inæquales ſtatuit R. P. Pardies, 


cum tamen ego tum in experimentis, tum in calculo de experi- 
mentis iſtis inito, æquales adhibuerim. Sit autem ABC * priſmatis 
ſectio ad axem ejus perpendicularis; XL, & xk, radii duo in r 


(medio foraminis) decuſſantes, & in priſma illud incidentes ad x, 


8c L; ſintque eorum refracti KH, & LI, ac denuo HP, & IT. Et 
cum refractiones ad latus Ac, æquales eſſe refractionibus ad latus 
BC, quam proximè ſuppoſuerim ; fi ac, & Bc, ſtatuantur æqua- 
lia, ſimilis erit radiorum KH, & LI ad AB, baſin priſmatis, in- 
clinatio; adeoque ang. CLI = ang. HK; & ang. CIL ang. Kk. 
Quare etiam refractiones in k, & 1, æquales erunt; ut & in L 
& H; atque adeo ang. PHA S ang. FLB; & ang. TIA ang. BKF; 
& proinde refractorum hr, & 1T, eadem erit ad invicem incli- 
natio, ac eſt incidentium radiorum FL, & Fx. Sit ergo angulus 


KFL, 30 min. æqualis nempe ſolari diametro, & erit angulus, 


quem HI, & un, comprehendunt, etiam 30 min. {fi modo radii 
FL, & Fk, æqualiter refrangibiles ſtatuantur. At mihi experi- 
enti prodiit angulus ille circiter 2 gr. 49 min. quem radius Hr, 
* Vide Opt. Book I. Par. I. Tab. III. fig. 13. 
extremum 
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extremum violaceum colorem, & inn, cæruleum exhibens, con- 
ſtituere; ac proinde radios illos diverſimode refrangibiles eſſe, tive 
refractiones ſecundum diſparem ſinuum incidentiæ & refractionis 
rationem peragi, neceſſario concedendum eſt. 
Addit præterea R. P. quòd non ſufficit ad obeundum ritè calcu- 
lum, ex longitudine imaginis impactæ in chartam ſubtrahere 
magnitudinem foraminis feneſtræ; quandoquidem etiam poſito 
foramine indiviſibili, adhuc fieret aliud veluti foramen latum in 
poſteriori ſuperficie priſmatis. Mihi tamen videtur, his non ob- 
ſtantibus, quod refractiones radiorum, in anterior! quad ac poſ- 
teriori ſuperficle priſmatis decuſſantium, ex adhibitis ak lis 
poſſint rite computari. Sed ſi res ſecus eſſet, latitudo e in 
poſteriori ſuperficie, quod ad inſtar foraminis eſt, haud efficeret 
errorem duorum minutorum ſecundorum ; & in rebus Reds 
non operæ pretium duco ad minutias iſtas attendere. 
Illi inſuper experimento, quod Crucis vocaveram, nihil adverſa- The unequal 
tur R. P. dum contendit, inæquales radiorum, diverſis coloribus I 4 
imbutorum, refractiones, ex inæqualibus incidentiis effectas fu- eur nth 
* Nam radiis per duo admodum parva, ab invicem diſtantia, ce 
ps __ Nag ae rs incidentie illæ, prout ego oy wg 
| ROLE » omnino zquales erant, & tamen refrac- 
tiones liquido inæquales. Sin ille de experimentis noſtris dubi- 
* 2 he TORR 2 præditorum re fractiones 
modus ille, quem ego ad ag ot1 WO PO * 
(quo tamen nullus poteſt eſſe 1 ö 3 
1 uus entior) facile eſt alios excogi- 

, icut & alios ipſe haud paucos cum fructu expertus ſum. 

ontra Theoriam de coloribus objicitur, quod pulveres diverſo- Otjetions 


from the 


i po non candidum ſed ſubobſcurum & fuſcum mix ue of 
fuſci qui ab I 2 vero albus, niger & omnes intermedii ace 
5 i * Es : "ny permiſtis componi poſſunt, non ſpecie a ered. 
miſtione pi ne = * Ln ee eee, ee 
lorem — 8 _ ingula corpuſcula non niſi proprium co- 
. ae emer pars lucis incidentis ſupprima- 
1 oe BY = reflexa ſubobſcura evadet, & quaſi cum 

nigredin niſta; adeo ut non intenſum alborem, ſed qualem 

nis permiſtio conficit, hoc eſt fuſcum, exhibere debeat. 
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Objection 
from the 


mixture of 


coloured 
fluids in the 
ſame veſſel 
auſwered. 


video conſequentiam. Nam plurimi liquores agunt in ſe invi. 


quibus concluſiones deduci poſſint. Subnoto tamen, quod ad hoc 


rum partes tingentes non congredi untur, fortaſſe permiſti evadunt 
opaciores. Sed de eventu nihil ſum ſollicitus, tum quod lucu- 


THEORY OF 

Objicitur deinde, quod a liquoribus quibuſcunque diverſi colo. 
Tis in eodem vaſe commiſtis, æquè ac in diverſis vaſis contentis, 
opacitas oriri debet ; quod tamen, ait, verum non eſſe. Sed non 


cem, & novam ſibi mutuò partium contexturam ſecreto inducunt; 
unde opaci, diaphani, vel variis coloribus, ex coloribus permiſto. 
rum nullo modo oriundis, præditi evadere poſſunt. Et hac de 
cauſa experimenta hujuſmodi minus apta ſemper exiſtimavi, à 


experimentum requiruntur liquores faturis & intenſis coloribus 
prediti, qui perpaucos nifi proprit coloris radios tranſmittant; 
quales raro occurrunt, ut videbiturilluminando liquores cum di- 


verſis coloribus priſmatis in obſcurato cubiculo. Nam pauci re. 
perientur, qui in propriis coloribus ſatis diaphani appareant, in- 
que alienis opaci. Convenit præterea, ut adhibiti colores fint 


inter ſe oppoſiti, quales exiſtimo fore rubrum & cæruleum, vel 
flavum & violaceum, vel etiam viridem & purpureum illum qui 
coccineo affinis eſt. Et ex hujuſmodi liquoribus nonnulli, quo- 


lentius eſt experimentum in liquoribus feorſim exiſtentibus, tum 
quod experimentum illud, ſicut & iridis, tincturæ nephritice, & 
aliorum corporum naturalium phænomena, non ad probandam 
ſed ad illuſtrandam tantùm doctrinam propofui. 

Quod R. P. Theoriam noſtram potbeſin vocat, amicè habeo, ſi- 
quidem ipſi nondum conſtet. Sed alio tamen confilio propoſue- 


ram, & nihil aliud continere videtur quam proprietates quaſdam 


lucis, quas jam inventas probare haud difficile exiſtimo, & quas 
i non veras eſſe cognoveram, pro futili & inani ſpeculatione 
mallem repudiare, quam pro mea Hypotheſi agnoſcere. 

Quid verò cenſeri mereatur, ex reſponſionibus ad animadver- 
ſiones Domini fortaſſe ſtatim prodituris clarius patebit. In- 
terim vale, et perge amare tibi devinctiſſimum 
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III. 
To Mr. OL DEN B UR G. 


| ; | Cambridge, 
SI Ry April , . 


I herewith * ſend you an anſwer to the Jeſuit Pardie's conſide- 
rations, in the concluſion of which, you may poſſibly apprehend 
me a little too poſitive; but I ſpeak only for myſelf, I am high- 
ly ſenſible of your good will, in communicating to me ſuch ob- 
ſervations as occur concerning my theories, or cata-dioptrical in- 
ſtruments, and I deſire you to continue that favour to me. Mr. 
Huygens has very well obſerved the confuſion of refractions near 
the edges of a lens, where its two ſuperficies are inclined much 
like the planes of a priſm; whoſe refractions are in like manner 
confuſed. But it is not from the inclination of thoſe ſuperficies, 
ſo much as from the heterogeneity of light, that that confuſion 
is cauſed. For by illuminating an object with homogeneal light, 
| have ſeen it far diſtincter through a priſm, than I could by light 
that was heterogeneal. 

I ſuppoſe the deſign of Sir Robert Moray's experiments is, to 
have their events expreſſed with ſuch obſervations as may occur 
concerning them. 

Touching the firſt, 1 have obſerved, that the ſolar image fall- 
ing on a paper, placed at the focus of the lens, was, by the in- 
terpoſed priſm, drawn out in length proportional to the priſm's 
refraction, or diſtance from that focus. And the chief obſerv- 
able here, which I remember, was, that the ſtreight edges of the 
oblong image were diſtincter than they would have been without 
the lens. 


Conſidering that the rays, coming from the planet Venus, are E:pcriment 
on the rays 
much leſs inclined one to another, than thoſe which come from coming fo 
the oppoſite parts of the ſun's diſk ; I once tried an experiment e 
or two with her light. And to make it ſufficiently ſtrong, I 
found it neceſſary to collect it firſt by a broad lens; and then, in- 
terpoſing a priſm between the lens and its focus, at ſuch diſtance 


* This encloſed the preceding Letter. 
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that all the light might paſs through the priſm, I found the fo. 
cus, which before appeared like a lucid point, to be drawn out 
into a long ſplendid line by the priſm's refraction. 

I have ſometimes deſigned to try how a fixed ſtar, ſeen through 
a long teleſcope, would appear, by interpoſing a priſm between 
the teleſcope and my eye. But by the appearance of Venus, 
viewed with- my naked eye through a priſm, I preſage the event, 

Concerning the ſecond experiment, I have occaſionally obſerved, 
that by covering both ends of the priſm with paper at ſevera 
diſtances from the middle, the breadth of the ſolar image will 
be increaſed or diminiſhed as much, as is the aperture of the 
priſm, without any variation of the length: or, if the aperture 


be augmented on all ſides, the image on all ſides will be ſo much 


and no more augmented. 
Of the third experiment, I have occaſion to ſpeak in my an- 


ſwer to another perſon ; where you will find the effects of two 


priſms, in all croſs poſitions of one to another, deſcribed. But 


1f one priſm alone be turned about, the coloured image will only 
be tranſlated from place to place, deſcribing a circle, or ſome 


other conick ſection on the wall, on which it is projected, with- 
out ſuffering any alteration in its ſhape, unleſs ſuch as may ariſe 
from the obliquity of the wall, or caſual change of the priſm's 
obliquity to the ſun's rays. 

The effect of the fourth experiment I have already inſinuated, 
telling you, that light, paſſing through parts of the priſm of di- 
Vers thickneſſes, did ſtill exhibit the ſame phænomena. 

Note, the long axes of the 


S i two priſms in the above-men- 
in tioned experiment are parallel 
9 to one another. Other circum- 
F Oy ſtances reſpecting their poſi- 
tion, you will better under- 


ſtand from the annexed 
ſcheme. In which, let EG de- 
* ſign the window; y, the hole 


ll 
D 


G 


in it through which the light arrives at the priſms; ABC, the firſt 


priſm, which refracts the light towards pr, painting there the 
colours 


LIGHT AND COLOURS. 


colours in an oblong ; and dr the ſecond priſm, which refracts 
back again the rays to Q where the long image, PT, is contracted 
into a round one. I ſuppoſe the plane dr parallel to Bc, and % 
to ac, that no rays may be equally refracted contrary ways in 


both priſms. The priſms muſt alſo be placed very near to one 


another; ſor if their diſtance be ſo great, that colours begin to 
appear in the light, before its incidence on the ſecond priſm, 
thoſe colours will not be deſtroyed by the contrary refractions of 
that priſm. 

Theſe things being obſerved, the round image, Q, will appear 
of the ſame bigneſs, which it doth when both the priſms are taken 
away, that the light may paſs directly towards Q from the hole 
without any refraction at all : and its diameter will equal the 


breadth of the long image PT, if thoſe images be equally diſtant 


from the priſms. 


If an accurate conſideration of theſe refratvtions be deſigned, 
it is convenient that a lens be placed in the hole F, or immedi- 


ately after the priſms, ſo that its focus be at the image q, or pr. 


For thereby the perimeter of the image d, and the ſtreight ſides 
of the image PT, will become much better defined than other- 
wiſe. — 

Thus far concerning Sir Robert Moray's propoſals. I have no- 
thing more at preſent, unleſs to deſire you, that, in the letter 
wherein I ſent you of the table of apertures and charges, you 
would change an expreſſion concerning the fix-foot tube, where 
| intimated, that it was none of the beſt in its kind. For leſt 
the friend, of whom it was borrowed, ſhould think I depreciate 
it, I had rather that the expreſſion ſhould be a little intimated 
after this manner; that I am not very well aſſured of its good- 


neſs, and therefore deſire, that the other experiment of reading 


at 100 foot diſtance, ſhall rather be confided in. You will do 
me a favour to peruſe the reſt of that letter alſo, before you com- 
mit it to the preſs. For 1 writ it in ſo much haſte, that I had no 
time to peruſe it: and by rendering my expreſſions more perſpi- 
cuous, or leſs ambiguous, you will ſtill oblige, yours, &c. 


Vol. IV. 


3 & IV. 
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+ PT | 
NEWTONUS OLDENBURGO S. 
Reply to far- IN obſervationibus R. P. 1 gnatii Pardies, quas ad te denuo con- 


ae - aa ſcripſit, an majus fit humanitatis argumentum, quod meis re- 

pan ſponſionibus vim omnem attribuit, an ingenii, quòd objeCtiones 
proponit, que ft non probè tollantur, doctrinam meam fruftray; 
poſſunt, vix dixerim. Utrumque ſanè ad determinandam veri- 
tatem optimè conducit; efficitque, ut accepts — lubentiffime 
reſpondeam. 


Motion Ait R. P. quod abſque varia diverſorum earn refrangibili 
at tne 


length of the tate, pofliblle ſit explicare longitudinem colorum ;. puta. ex hy- 


1 potheſi P. Grimaldi, per diffuſionem luminis, . ſupponitur 
by expand, efle ſubſtantia quædam rapidiffimè mota ; vel ex hypotheſi Hochi 
Ab ork 4 noſtri, per diffuſionem vel expanſionem undulationum, quas ſtatuit 
| in zthere a lucidis corporibus excitatas, quaquaverſum propagari. 
Addo, quod ex hypotheſi Carze/and poteſt etiam effingi conſimi- 
tis diffuſio conatiis vel preſſionis globulorum; perinde ut in ex- 
plicatione caudæ cometæ ſupponitur. Et eadem diffufio vel ex- 
panſio juxta aliam quamvis hypotheſin, in qua lumen ſtatuitur 
eſſe vis, actio, qualitas, vel ſubſtantia quælibet, à luminoſis cor- 
poribus undique emiſſa, effingi poteſt. | 
Ut his reſpondeam, animadvertendum eſt; quod doctrina a, 
quam de refractione & coloribus explicui, in quibuſdam lucis 
Proprietatibus ſolummodo conſtitit, neglectis hy potheſibus per 
quas proprietates illæ explicari debent. 
Optimus enim et tutiſſimus philoſophandi modus videtur, ut 
imprimis rerum proprietatis diligenter inquiramus, & per expe- 
rimenta ſtabiliamus; ac dein tardius contendamus ad hypotheſes 
pro rerum explicatione. Nam hypotheſes ad explicandas rerum 
Proprietates tantum accommodari debent, & non ad determinan- 
das uſurpari, niſi quatenus experimenta ſubminiftrare poſſint. 
Et fi quis ex ſolà hy potheſium poſſibilitate de veritate rerum con- 
jecturam faciat, non video quo pacto quicquam verti in ulla ſci- 
entia determinare poſſit; ſiquidem alias atque alias hy potheſes 


ſemper licet excogitari, quæ novas difficultates ſuppeditare vide- 
buntur. 


Quamobrem 


LIGHT AND COLOURS. 


Ouamobrem ab hypotheſium contemplatione, tanquam im- 
proprio argumentandi loco, hic abſtinendum eſſe cenfui, & vim 
objectionis abſtrahendam, ut pleniorem & magis generalem re- 
ſponſionem accipiat. 

Itaque per lumen intelligo quodlibet ens vel entis poteſtatem Reply. 

(five fit ſubſtantia, five quævis ejus vis, actio, vel qualitas) quod Pb. nd 
à corpore lucido rectà pergens aptum fit ad excitandam viſionem; Like, 
& per radios luminis intelligo minimas vel quaftibet indefinite 
parvas ejus partes, quæ ab invicem non dependent, quales ſunt illi 
omnes radii, quos lucentia corpora, vel ſimul vel ſucceſſivè, ſecun- 
dum rectas lineas emittunt. Nam illæ tum collaterales tum ſuc- 
ceſſivæ partes luminis ſunt independentes; ſiquidem unæ abſque 
allis intercipi poſſint, & in quaſlibet plagas ſeorſim reflecti vel 
refringi. Et hoc præcognito, objectionis vis omnis in eo ſita erit; 
quòd colores per aliquam luminis ultra foramen diffuſionem, quæ 
non oritur ab inæquali diverſorum radiorum ſeu luminis indepen- 
dentium partium refrangibilitate, in longum diduci poſſint. 

Quod autem non aliunde oblongentur ſuperius monſtravi, in li- 
teris relatis in Philoſoph. Tranſact. Numb. 80. Et ut rationes 
facilius perſpiciantur, non gravabor jam fuſiùs explicare. 

Scilicet ex obſervatione, quod Radii poſt Refractionem non in- The fa 
curvabantur, ſed rectà ad parietem progrefli fuerint, patuit, ean- Re ON 


Rays are un- 
dem fuiſſe eorum ad ſe mutuo inclinationem cum modo exierunt _— 3 
priſmate, atque cum impegerunt in parietem ; & proinde longi- dus el. 
tudo colorum ex inclinatione radiorum emerſit, quam inter refrin- 
_ gendum obtinuere; hoc eſt ex quantitate refractionis, quam ſin- 
gull radii in priſmate patiebantur. Adeoque cum colorum longi- 
tudo latitudinem aliquot vicibus ex obſervatione ſuperavit ; ſequi- 
tur majorem fuiſſe inæqualitatem refractionum, quam potuit oriri 
ex inzequalitate incidentiarum. Quinimo ex figura Imaginis co- 
loratæ, quod nempe non fuit Ovalis, ſed latera duabus parallelis 
rectis lineis terminata, patuit eam ex indefinite multis imaginibus 
Solis, per inæqualem refractionem in longam diſtractis & ſerie 
continua diſpoſitis, conſtitui; adeoque radios, à ſingulis partibus 
ſolaris diſci provenientes, per totam ferè longitudinem colorum 
diſpergi; & proinde ſimiliter incidentium inæquales eſſe refrac- 


218 


tiones, Id quod aliis etiam indiciis oſtendi poſſet. 
81 2 Conſtat 


316 


THEORY OF 


Of the eauſe Conſtat itaque diverſas eſſe refractiones, ubi pares ſunt inciden. 


of that fact, 


That it is no 
irregular 
uncertain 
cauſe, 


tie. Sed amplius inquirendum eſt, unde oriatur illa diverſitas; 
An fit à causà aliqua incertà & irregulari, vel certa lege, ſecun- 
dum quam radius quilibet aptus eſt determinatam aliquam re. 
fractionem pati. Per incertas & irregulares cauſas intellige aſpe. + 
ritates in ſuperficie; vel venas diverſe denſitatis in interiori parte 
Vitri, ex quo Priſma conflatur ; item irregularem ſitum pororum, 
quos nonnulli ob luminis tranſmiſſionem per vitrum omnifariam 
trajici ſtatuunt ; necnon tremores & inæquales commotiones par- 
tium Ætheris, Aeris vel Vitri; radiorum, in refringente ſuperficie 
ſe mutuo fortaſſe comprimentium, reſulturam ab invicem; ejuſ- 
dem cujuſque radii diviſionem ac diffipationem in partes diver- 
gentes, quas vel numero finitas vel indefinite multas, in ſuperficie 
aliqua continuatim jacentes, imaginari liceat; vel quamvis aliam 
diffuſionem et dilatationem luminis, quam poſſumus excogitare, 
non ortam ex diversa prædiſpoſitione cujuſque radi ad refractio- 
nem, in certo aliquo & conſtanti gradu, patiendam. 

Quod autem diverſa refractio non orta ſit ex ullis ejuſmodi cau- 


ſis incertis & irregularibus, probavi per experimentum duorum 


conſimilium priſmatum in contrario ſitu juxta poſitorum, ita ut 
poſterius contraria ſui refractione retroflecteret radios, & fic re- 
gulares effectus prioris deſtrueret, ſed per iteratas refractiones, au- 
geret irregulares. Utpote ſi prius priſma diffunderet, ac diver- 
gere faceret parallelos radios, ex. gr. per aſperam polituram, inæ- 
quabilem denſitatem, aut irregularem ſitum pororum in priſma- 
tis, vel per tremulos motus partium AÆtheris, Aeris aut Vitri; 
vel per dilatationem luminis propter partium ejus (i. e. radiorum) 


ſe mutuò comprimentium relaxationem verſus adjacentia ſpatia, 


_ quee vel nullo vel minus conſtipato lumine irradiantur; vel dent- 


que per cujuſque radii dilatationen aut diffractionem in complures 
divergentes radios: tum ſane poſterins priſma magis diffunderet 
ac diſſi paret radios per dictas irregularitates Ætheris, Aeris aut 


Vitri; vel per iteratam dilatationem luminis, a refringentis ſu— 


Perficiei reſiſtentia denuò conſtipati ac diffuſi; vel etiam per cujuſ- 
que radii, a priori diffractione orti, iteratam diffractionem ac divt- 
ſionem in longe plures divergentes radios. Et fic Lumen magis 
diſpergeretur per refractionem ſecundi Priſmatis, & in parietem 

; | projectam 
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projectam imaginem duplo longiorem minimum exhiberet, quàm 
per ſolam refractionem prioris Priſmatis exhiberi potuiſſet. 
Quamobrem cum, experientia teſte, refractio ſecundi Priſmatis Nor any otbey 
adeo non diſpergat Lumen, ut contrahat, & in priſtinum ſtatum i — 4 
* 2 . . gibility of the 
reducat, efficiatque ut in forma Cont poſtea progrediatur, per- fn 
inde ac fi nullam omnino Refractionem paſſum fuiſſet; conceden- 
aum eſt, diffuſionem Luminis, à refractione anterioris Priſmatis 
effectam, non oriri ab aliqua præfatarum cauſarum, aut alia qua- 
vis irregularitate, ſed diverſæ Refrangibilitati radiorum ſolum- 
modo tribuendam eſſe; utpote qua radius unuſquiſque, ex inſità 
diſpoſitione tantam Refractionem in poſteriori, ac in priori paſ- 
ſus, reducitur in paralleliſmum cum ſe ipſo; & ſic omnes radii ad 
ſe mutuò eaſdem inclinationes reſumunt, quas ante refractiones 
habuere. ID 

Demum ut hzc omnia ſumme confirmarem, adjeci experimen- Experimen- 
tum illud, quod jam nomine crucis paſſim inſignitur; de cujus derbe. 
conditionibus cum R. P. dubitaverit, placuit jam deſignare Sche- 


mate. Sit BC anterior tabula, cui priſma a immediate præfigi- 
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tur; ſitque Px altera tabula, quaſi 12 pedibus abinde diſtans, cul 
ſuffigitur alterum priſma . Tabulæ autem ad x &, ita prefo- 
rentur, ut aliquantulum lucis, ab anteriori priſmate refractæ, tra- 
ici poſſit per utrumque foramen ad ſecundum priſma, inque eo 
denuo refrin gi. Jam priſma anterius circa axem reciproco motu 
©nvertatur, & colores in tabulam poſteriorem Dx procidentes, per 
vices attollentur ac deprimentur; eoque pacto alius atque alius co- 
lor ſucceſſi vè pro arbitrio trajici poteſt per foramen ejus y, ad 
poſterius priſma, dum cæteri colores in tabulam impingunt: et 
videbis, radios diverſis coloribus præditos diverſam pati refractio- 
nem in illo poſteriori priſmate, ex eo quod ad diverſa loca parie- 
us vel cujuſvis obſtaculi , pedibus aliquot ulterius remoti, al- 
abentur z puta violacei radii ad k, rubri ad 6, & intermedii ad 
loca intermedia: & tamen, propter determinatam poſitionem fo- 
raminum, neceſſe eſt ut ſimilis fit incidentia radiorum cujuſque 
coloris 
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coloris per utrumque trajecti. Atque ita ex menſurà conſtat ra. 
dios, di verſis coloribus affectos, habere diverſas leges refractionum. 

Sed ſuſpicor unde adductus ſit R. P. in dubitationem; nempe 
videtur collocàſſe primum priſma, a, poſt tabulam ge, atque ita 
convertendo circa axem, veriſimile eſt inclinationem radiorum, 
qui interjacent foramina, propter intermediam refractionem fuiſſe 
mutatam. At, ex deſcriptione prius expoſità, debuit tabula illa 


collocari poſt priſma, ut radii inter foramina in directum jace. 
rent; quemadmodum, ex verbis, I 7ook two boaras, and placed 
one of them cloſe behind the priſm” at the window, conſtare Poteſ. 
Et uſus experimenti idem innuit. 


Ex abundanti placet obſervare, quòd in hoc experimento colo- 


rata lux, ob refractionem ſecundi priſmatis, longe minus diffundi- 
tur ac divaricat, quam cum alba exiſtit, adeo ut imago ad 6, vel 
AN, fit pene circularis; præſertim {i priſmata ſtatuantur parallella, 


& in contrario ſitu angulorum, prout in ſchemate deſignantur. 


Quinetiam, $f præterea diameter foraminis y adæquet latitudinem 
colorum, nulla erit ejuſdem coloratæ lucis in longum diffuſio; 
ſed imago, quæ a quopiam colore ad 6, vel H, effingitur (poſitis 
circularibus foraminibus, & refractione poſterioris priſmatis non 
majori quam prioris, radiiſque ad obſtaculum quam proxime per- 
pendicularibus) erit plane circularis. Id quod arguit diffuſionem, 
de qua ſupra egimus, non ex contagione vel continuitate materiæ 
undulantis, aut celerrimè motæ, vel ſimilibus cauſis ortam eſſe, ſed 
ex certà refractionum cujuſque generis radiorum lege. Cur au- 


tem imago illa in uno caſu fit circularis, & in aliis nonnihil ob- 


longata, & quomodo diffuſio lucis in longitudinem in quolibet 
caſu pro arbitrio minui poſſit, à geometris determinandum, N 
cum experientia conferendum relinquo. 


Poſtquam proprietates lucis his & ſimilibus experimentis ſatis 


exploratæ fuerint, ſpectando radios tanquam ejus ſive collaterales 


ſive ſucceſſivas partes, de quibus experti ſumus per independen- 


tiam quod ſint ab invicem diſtin&tz ; hypotheſes exinde dijudi- 
candæ funt, & quæ non poſſunt conciliari rejiciendæ. Sed levit- 
ſimi negotii eſt accommodare hypotheſes ad hanc doctrinam. Nam 


ſi quis hypotheſin Carteſianam defendere velit, dicendum eſt, glo- 


bulos eſſe inæquales: vel preſſiones globulorum eſſe alias alis 
. fortiores, 
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fortiores, & inde diverſimode refrangibiles, 8 aptas ad excitan- 
dam ſenſationem diverſornm colorum. Et fic, juxta hypotheſin 
Cl. Hookii dicendum eſt, undulationes 22theris effe alias majores, 
ſive craſſiores aliis. Atque ita in ceteris. Hæc enim videtur 
eſſe ſummè neceſſaria lex & conditio hy potheſium, in quibus na- 
turalia corpora ponuntur conſtare ex quamplurimis corpuſculis 


acervatim contextis, ut a diverſis lucentium corpuſculis, vel ejuſ- 


dem corpuſculi diverſis partibus (prout motu, figura, mole, aut 
allis qualitatibus differunt) inæquales preſſiones, motiones aut 
mota corpuſcula per æthera quaquaverſum trajiciantur, ex quibus 
confuſè miſtis lux conſtitui ſupponetur. Et nihil durius eſſe 
poteſt in iſtis hy potheſibus quam contraria ſuppoſitio. 


Ex aperturaſive dilatatione lucis in poſteriori facie priſmatis, quam 


R. P. dixit eſſe veluti foramen, ſufficit, quod error non emerget 
ſenſibilis, fi modo aliquis emerget. Quod fi calculus juxta ob- 


ſervationes præcisè ineatur, error erit nullus. Nam diametro fo- 


raminis a longitudine imaginis ſubductà; reſtabit longitudo, quam 
Imago haberet, ſi modo foramen ante priſma eſſet indivrſibile, id- 


que non obſtante prefati lucis dilatatione in poſteriori facie priſ- 


matis ; ut facile oſtenditur. Deinde, ex data.1lla longitudine 1ma- 
ginis, ac diſtantia 4 foramine indiviſibili, ut & poſitione & forma 


priſmatis, & ad id inclmatione incidentium radiorum, ac angulo, 
quem refracti radii ad medium imaginis tendentes, cum à centro 


folis incidentibus conſtituunt, cetera omnia determinantur. Et 
quæ determinant refractiones & poſitiones radiorum, ſufficiunt ad 


calculum iſtarum refractionum rite ineundum. Sed res non tanti 


elſe videtur, ut moram inferat. 


Quod R. P. doctrinam noſtram hypotheſin vocaverit, non ali- 
unde factum effe credo, quam quod vocabulum uſurpavit, quod 
Pprimum occurrit ; ſiquidem mos obtinuit, ut quicquid exponitur 


in Philoſophia dicatur hypotheſis. Et ego ſane non alio conſilio 
vocabulum iſtud reprehendi; quam ut ne invaleſceret appellatio, 
que rectè philoſophantibus præjudicio eſſe poſſet. Reverend. 
verò Patris candor in omnibus conſpicitur; indeque modus effe- 
rendi benevolentiam, qui mihi minimè convenit. Quod tamen 
noſtra non diſplicent vehementer gaudeo Vale. Dabam Canta- 
brigiæ II. Junii * 2. 

Y. 
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Of the true 


method of 


examining 


this Theory. 


THEORY OF 


V. 
To Mr. OLD E N B U RG. 


S1 Ny July, 167 


IN the mean while give me leave, Sir, to inſinuate, that 
cannot think it effectual for determining truth, to examine the 
ſeveral ways by which phenomena may be explained, unless 
where there can be a perfect enumeration of all thoſe ways. You 


know, the Proper method for enquiring after the properties of 


things, is to. deduce them from experiments. And I told you, 


that the theory which I propounded, was evinced to me, not by 


inferring, it 7s thus, becauſe it is not otberwiſe; that is, not by de- 
ducing it only from a confutation of contrary ſuppoſitions, but 


by deriving it from experiments concluding poſitively and direct. 


ly. The way therefore to examine it, is, by conſidering whe- 
ther the experiments, which I propound, do prove thoſe parts of 
the theory to which they are applied; or by proſecuting other ex- 
periments which the theory may ſuggeſt for its examination. And 


this I would have done in a due method; the laws of refraction 


being thoroughly enquired into and determined, before the na- 
ture of colours be taken into conſideration. It may not be amis 


to proceed according to the ſeries of theſe Queries; which! 


could wiſh were determined by the event of proper experiments, 


declared by thoſe that may have the curioſity to examine them. 


1. Whether rays, that are alike incident on the ſame medium, 


have unequal refractions? And how great are the inequalities of 
cheir refractions at any incidence? 


2. What is the law, according to which each ray is more or leſs - 
ha whether it be, that the ſame ray is ever refracted ac- 
cording * the ſame ratio of the ſines of incidence and refrac- 
tion; and divers rays, according to divers ratios; or that the fe- 
fraction of each ray is greater or leſs without any certain rule! 
That is, whether each ray have a certain degree of refrangibili- 


ty, according to which its refraction is performed; or is refr acted 
Without that regularity ? 


3. Whether 


ry, they muſt render all objections invalid. 
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Whether rays, which are endued with particular degrees of 
rang, when they are by any means teparated, have par- 
ticular colours conſtantly belonging to them; vi. the leaſt refran- 


gible, Scarlet; the moſt refrangible, deep Violet; the middle, 


cea-Green ; and others, other colours? And on the contrary ? 


4. Whether the colour of any fort of rays apart may be chang- 


ed by refraction ? 


5. Whether colours by coaleſcing do really change one an- 


other to produce a new colour, or produce it by mixing only ? 

6. Whether a due mixture of rays, indued with all variety of 
colours, produces light perfectly like that of the ſun, and which 
hath all the ſame properties, and exhibits the ſame phenomena ? 

7. Whether the component colours of each mixture be really 


changed ; or be only ſeparated, when from that mixture various 


colours are produced again by refraction ? 

8. Whether there be any other colours produced by refirittion; 
than ſuch as ought to reſult from the colours belonging to the di- 
verfly refrangible rays, by their being — or mixed by that 
refraction ? 

To determine by da theſe and "oY like queries, 
which involve the propounded theory, ſeems the moſt proper 
and direct way to a concluſion. And therefore I could wiſh all 
objections were ſuſpended taken from hypotheſes, or any other 


heads than theſe two: of ſhewing the inſufficiency of experi- 


ments to determine theſe queries, or prove any other parts of my 
theory, by aſſigning the flaws and defects in my concluſions 
drawn from them; or of producing other experiments, which di- 
rectly contradict me, if any ſuch may ſeem to occur. For if 


the experiments, which I urge, be defective, it cannot be diffi- 


cult to ſhew the defects; but if valid, then by proving the theo- 
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VI. nc 
To Mr. OL DEN B UR G. in 
| 8 I By | J F. 8 
I HAVE already told you, that at the peruſal of Mr. Boobs b 
Conſi. ſderations on my letter concerning RefraQions and Colours, | fi 
found nothing that, as I conceived, might not without difficulty W 
be anſwered. But, I muſt confefs, at the firſt receipt of thoſe _ 
conſiderations I was a little troubled to find a perſon ſo much con- 'g 
cerned for an hypothe/;s, from whom in particular I moſt expected Rl 
an unconcerned and indifferent examination of what I propound- I 
ed. But yet I doubt not we have one common deſign; a ſincere 
endeavour after knowledge, without valuing uncertain ſpecula- a 
tions for their ſubtleties, or deſpiſing certainties for their plain- u 
neſs. And on confidence of this it is, that I make this return to 0 
Bis Diſcourſe. 0 
Hoem er The firſt thing that offers itſelf is less agreeable to me, 0 
Teleſcopes. and 1 begin with it becauſe it is ſo. Mr. Hook thinks him- a 
felf concerned to reprehend me for laying aſide the thoughts v 
of improving optics by refractions. But he knows well it is 
not for one man to preſcribe rules to the ſtudies of another, eſpe- 0 
cially not without underitanding the grounds on which he pro- f 
ceeds. Had he obliged me by a private letter on this occaſion, 1 ( 
would have acquainted him with my ſucceſſes in the trials that! © 
have made in that kind; which I ſhall now ſay have been leſs 
than E ſometimes expected, and perhaps leſs than he at preſent 
hopes for. But ſince he is pleaſed to take it for granted, that L 
have let this ſubject paſs without due examination, I muſt refer 
him: to my former letter, by which that conjecture will appear to 
be ungrounded; for what I ſaid there, was in reſpect of teleſcopes 
of the ordinary conſtruction, fignifying, that their improvement 
is not to be expected from the well figuring of glaſſes, as opticians 0 
have imagined. But I deſpaired not of their improvement by e 
other conſtructions, which made me cautious to inſert. nothing 6 
that might intimate the contrary. For although ſucceſſive refrac- t 
tions, which are all made the fame way, do neceſſarily more and { 
more augment the errors of. the firſt. refraction ;. yet it ſeemed t 


3 not 
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not impoſſible for contrary refractions ſo to correct each other's 
inequalities, as to make their difference regular; and if that 
could be conveniently effected, there would be no further diffi- 
culty. Now to this end I examined what may be done not only 
by glaſſes alone, but more eſpecially by a complication of divers 
ſucceſſive mediums; as by two or more glaſſes or cryſtals with 
water, or ſome other fluid between them; all which together 
may perform the office of one glaſs, eſpecially of the object- 
glaſs on whoſe conſtruction the perfection of the inſtrument chiefly 
depends. But what the reſults in theory, or by trials, have been, 
I may poſſibly find a more proper occaſion to declare. 

To the aſſertion, that rays are leſs true reflected to a point by 
a concave than refracted by a convex, I cannot aſſent; nor do 1 


underſtand, that the focus of the latter is leſs a line than that 
of the former. The truth of the contrary you will rather per- 
ceive by this following Table, computed for ſuch a reflecting 
concave and refracting convex; on ſuppoſition that they have equal 
apertures, and collect parallel rays at an equal diſtance from their 
vertex ; which diſtance being divided into 15000. parts, the dia- 


meter of the concave ſphere will be 60000 of thaſe parts, and 
of the convex rooo00; ſuppoling the fines of incidence and re- 
fraction to be in round numbers, as 2 to 3. And this Table 


ſhews how much the exterior rays, at ſeveral apertures, fall ſhort 


of their principal focus. 


| 8 The parts of the Axis intercepted 

The diameter of the] between the vertex and the rays The error by | 

Aperture. reflected. refracted. Reflection. Refraction. 
200 | 149013 44865 . 
_ | 14966 | 24449 33 g5r 
6000 14924 | 13099 76 | 1301 
9000 E 1 
19000 14787 | 9472 £3 7. 47 


By this you may perceive, that the errors of the refracting 
convex are ſo far from being leſs, that they are more than ſix- 
teen times greater than the like errors of the reflecting concave, 
eſpecially in great apertures, and that without reſpect to the he- 
terogeneous conſtitution of light : fo that however the contrary 
ſuppoſition might make Mr. Hook reject reflexions, as uſeleſs for 
the promoting of opticks, yet I muſt for this, as well as other 
T4 Son- 
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conſiderations, prefer them in the theory before refractions. Whe. 
ther the parabola be more difficult to deſcribe than the hyperbola 
or ellipſis, may he a query; but I ſee:no abſolute neceſſity of 
endeavouring after any of their deſcriptions... For if metals can 
be ground truly ſpherical, they will bear as great apertures as, | 
believe, men will be well able to communicate an exact poliſh to, 
And for dioptrick teleſcopes I told you, that the difficulty con- 
ſifted not in: the figure of the glaſs, but in the difformity of re- 
fractions; which, if it did not, 1 could tell you a better, and 
more eaſy remedy, than the uſe of the conic ſections. 

Thus much concerning the practique part of opticks. I ſhall 
now take a view of Mr. Hoo#s conſiderations on my theories, 
And thoſe conſiſt in aſcribing an hypotheſis to me, which is nat 
mine; in aſſerting an hypotheſis, which, as to the practical parts 
of it, is not againſt me; in granting the greateſt part of my diſ- 
courſe, if explicated by that hypotheſis; and in denying ſome 
things, the truth of which would have appeared. by an experi- 


mental examination. 


Of thete particulars I ſhall diſcourſe in A and firſt of 


corporeity of he obe, which. Mr. Hook bath aſſigned me in theſe words: 


Light no ne- 
ceſſary foun- 
dation of the 
Newtonian 
Theory. 


But. grant bis firſt ſuppoſition, that light is. a body, and. that 0s 
many colours or degrees thereof as.there. may be, ſo many bodies 


Ibere muy be, all which compounded together would mage White, 


Ge. This, it ſeems, Mr. Hook takes for my hypotheſis. It 
is true, that from my. theory L argue the. corporeity of light, 
but I do it without any abſolute poſitiveneſs, as the word fer- 
dap intimates, and make at.moſt but a very plauſible conſequence 
of the doctrine, and not a fandamentaFfuppoſition, nor ſo much 
as any part of it, which was wholly camprehended in the pre- 
cedent propoſitions. And I:'wonder how Mr. Hook could ima- 
gine, that when I had, aſſerted the theory with-the greateſt rigor, 
I ſhould be fo forgetful, as afterwards to aſſert the fundamental 
ſuppoſition itſelf with no more than a perbaps.. Had 1:intended 
any ſuch hypotheſis, . I ſhould ſorgewhere have explained it. But 
L knew that the properties, which 1 declared of. light, were in 
ſome meaſure capable of being explicated not only by that, but 
by many other: mechanical hypotheſes; ; and therefore 1. _—_ , | 
ecllhe 
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decline them all, and ſpeak of light in general terms, conſidering 
it abſtractedly as ſomething or other propagated every way in 
ſtreight lines from luminous bodies, without determining what that 
thing is; whether a confuſed mixture of difform qualities, or 
modes of bodies, or of bodies themſelves; or of any virtues, 
powers or beings whatſoever. And for the ſame reaſon I choſe to 
ſpeak. of colours according to the information of our ſenſes, as if 
they were qualities of light without us. Whereas by that hypo- 
theſis, 1 muft have conſidered them rather as modes of ſenſation, 
excited in the mind by various motions, figures, or ſizes of the 
corpuſcles of the light, making various mechanical impreſſions = 
on the organs of ſenſe, as I expreſſed it in that on: where I. * 
ſpake of the corporeity of light. "mu 

But ſuppoſing. I had propounded this- hypotheſis, Hunder- u uin 
ſtand not why Mr. Hook ſhould ſo much endeavour to oppoſe — 
it. For- certainly. it hath a- nruch greater: affinity with his 
own hypotheſis, than he ſeems to be aware of; the vibrations 
of ther: being as ufeful. and neceſſary in this, as in his own. 

For aſſuming; the rays of light. to be fmall bodies, emitted every 
way from ſhining: ſubſtances,. thoſe, when they impinge on 
any retracting or: reflecting fuperficies, muſt as neceſſarily ex- 
cite vibrations in the æther, as ſtones do in water, when thrown 
into it. And ſuppoſing theſe vibrations to be of. ſeveral depths 
or thickneſſes, accordingly as they are excited by the ſaid corpuſ- 
cular rays of. various ſizes and velacities:; of what uſe they will 
be for explicating the manner of reflexion and refraction, the 
production of heat by the ſun's beams, the emiſſion of light 
from burning, putrifying, or other ſubſtances, whoſe parts are 
vehemently agitated, the phænomena of thin tranſparent plates 
and bubbles, and. of all natural bodies, the manner of viſion, 
and the difference of colours, as alſo their harmony and diſcord ; 
I hall leave to their conſideration, who may think it worth their 
endeavour to apply this hypotheſis to the ſolution of phenomena. 
In the ſecond place I told you, that Mr. Hook hypotheſis, as to Of Hocks 


hy pothelis. 


* 
4 1 
Ia 


the fundamental part of it, is not againſt me. The fundlamen- Conformity 
ef that al. d 
tal ſuppoſition is, that the parts of bodies, when briſkly agi- f — me· 


473 0 hy 950 
tated, do excite vibrations in the #ther, which are propagated _— — 


cyery way from thoſe bodies in ſtreight lines, and cauſe a ſenſa- we Newto: 
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tion of light, by beating and daſhing againſt the bottom of the 


eye; ſomething after the manner that vibrations in the air cauſe 
a ſenſation of ſound, by beating againſt rhe organs of hearing, 
Now the moſt free and natural application of this hypotheſis to 
the ſolution of phenomena I take to be this : That the agitated 
parts of bodies, according to their ſeveral ſizes, figures, and mo- 
tions, excite vibrations in the æther of various depths or big. 
neſſes; which, being promiſcuouſly propagated through that me- 
dium to our eyes, effect in us a ſenſation of light of a white co- 
lour : but if by any means thoſe of unequal bigneſſes be ſepa- 
rated from one another, the largeſt, a ſenſation of a Red colour; 


the leaſt, or ſhorteſt, of a deep Violet; and the intermediate 
ones, of intermediate colours. 


dies, according to their ſeveral ſizes, ſhapes, and motions, excite 


Much after the manner that bo- 


vibrations in the air of various bigneſſes, which, according to 
thoſe bigneſſes, make ſeveral tones in ſound. That the largeſt 
vibrations are beſt able to overcome the reſiſtance of a refracting 
ſuperficies, and ſo break through it with leaſt refraction : when 


the vibrations of ſeveral bigneſſes, that is, the rays of ſeveral 


colours, which are blended together in light, muſt be parted from 


one another by refraction ; and ſo cauſe the phznomena of 


priſms, and other refracting ſubſtances. And that it depends on 


the thickneſs of a thin tranſparent plate or bubble, whether a 


vibration ſhall be reflected at its further ſuperficies, or tranſmit- 
ted; ſo that according to the number of vibrations interceding 
the two ſuperficies, they may be reflected or tranſmitted for many 
{ucceſhve thickneſſes. And ſince the vibrations, which make Blue 


and Violet, are ſuppoſed ſnhorter than thoſe that make Red and 


Yellow ; they muſt be reflected at a leſs thickneſs of the plate, 
which is {ſufficient to explicate all the ordinary phænomena of 
thoſe plates or bubbles; and alſo of all natural bodies, whole 
parts are like ſo many fragments of ſuch plates. Theſe ſeem to 
be the moſt plain, genuine, and neceſſary conditions of this hy- 
potheſis ; and they agree ſo juſtly with my theories, that, if Mr. 
Hook think fit to apply them, he need not on that account fear a 
divorce from it. But yet how he will defend it from other diffi- 


culties, I know hot; for to me the fundamental — 
| LE ; - 


FI 
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ſelf ſeems impoſſible ; namely, that the waves or vibrations of 
any fluid can, like the rays of light, be propagated in ſtreight 
lines, without a continual and very extravagant ſpreading and 
bending every way into the quieſcent medium,. where they are 
terminated by it. 1 am miſtaken it there be not both experiment 
and demonſtration to the contrary : and as to the other two or 
three hypotheſes which he mentions, I had rather believe them 
ſubject to the like difficulties, than — that Mr. Hook. ſhould 
ſelect the worſt for his own. 

What I have ſaid of this, may be eaſily 0 to all other 
mechanical hypotheſes, in which light is ſuppoſed to be cauſed by 
any preſſion or motion whatſoever, excited in the æther by the 
agitated parts of luminous bodies. For it ſeems impoſſible, that 
any of thoſe motions or preſſions can be propagated in ſtreight 
lines, without the like ſpreading every way into the ſhadowed: 
medium, on which they border. But yet, if any man can think 
it poſſible, he ruſt at leaſt allow, that thoſe motions, or endea- 
vours to motion, cauſed in the æther by the ſeveral parts of any 
lucid bodies, which differ in ſize, figure, and agitation, muſt ne- 
ceſſarily be unequal; which is enough to denominate light an ag- 
gregate of difform rays, according to any of thoſe hypotheſes, 
And if thoſe original inequalities may ſuffice to difference the 
rays in colour nd refrangibility, I ſee no reaſon why they, that 
adhere: to any of thoſe hypotheſes, ſhould' ſeek for other cauſes 
of theſe effects, unleſs (to uſe: Mr. Hook's 3 they will 
multiply entities without neceflity. 

The third thing to be conſidered, is, the condition of Mr, Of Hood 


conceſſions, 


Hbo#'s. conceſſions, which is, that I would explicate my theo—and the lan. 
ries by his hypotheſis: and if I could but comply with him chem to bis 
in that point, there would be little or no difference between e, 
us: for he grants, that without any reſpect to a. different in- 
cidence of rays, there are different refractions; but he would 
have it explicated; not by the different refrangibility of ſeveral. 

rays, but by the- ſplitting: and rarifying of ethereal pulſes. He- 

Srants my third, fourth, and: fixth Propoſitions ; the ſenſe of 
which is, that uncompounded colours are unchangeable, and that. 
eompounded colours are changeable, only by reſolving them into 

che colours of which they are compounded; and that all the 

| changes, 
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2 HI OI NON. GF 
changes, which can be wrought in colours, are effected only 
by variouſly mixing or parting them: but he grants them, on 
condition that I will explicate colours by the two ſides of a ſplit 
pulſe, and ſo make but two ſpecies of them, accounting all other 
colours in the world to be but various degrees and diluting of 
thoſe two. And he further grants, that whiteneſs is produced 
by the convention of all colours; but then I muſt allow it to be 
not only by mixture of thoſe colours, but by a further unitin 
of the parts of the ray ſuppoſed to be formerly ſplit. If I would 
proceed to examine theſe his explications, I think it would be no 
difficult matter to ſhew, that they are not only inſufficient, but 
in ſome reſpects unintelligible. For though it be eaſy to conceive 
how motion may be dilated and ſpread, or how parallel motions 
may become diverging; yet I underſtand not by what artiſice 
any linear motion can, by a refracting ſuperficies, be infinitely 
dilated and rarified ſo as to become ſuperficial: or if that be ſup- 
poſed, yet I underſtand as little why it ſhould be {ſplit at ſo ſmall 
an angle-only, and not rather ſpread, and diſperſed through the 
Whole angle of refraction. And, further, though I can eaſily 
imagine how unlike motions may croſs one another, yet I cannot 
well conceive how they ſhould coaleſce into one uniform motion, 
and then part again, and recover their former unlikeneſs; not- 
withſtanding that 1 conjecture the ways by which Mr. Hook may 
endeavour to explain it. So that the direct, uniform, and undiſ- 
turbed pulſes, ſhould be ſplit and diſturbed by refraction; and 
yet the oblique and diſturbed pulſes perſiſt without ſplitting, or 
further diſturbance, by following refractions, is as unintelligible, 


And there is as great difficulty in the number of colours, as you 

will ſee hereafter. 
The'Newto- . But whatever be the advantages or diſadvantages of this hypo- 
i OY theſis, I hope Mr. Hook will excuſe me from taking it up, ſince 
| byporbess, IJ do not think it needful to explicate my doctrine by any hypo- 
| theſis at all; for if light be conſidered abſtractedly without re- 
ſpect to any hypotheſis, I can as eaſily conceive, that the ſeveral 
parts of a ſhining body may emit rays of different colours, and 
other qualities, of all which light is conſtituted, as that the {e- 
veral parts of a falſe or uneven ſtring, or of agitated w_ in 
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brook or a cataract, or the ſeveral pipes of an organ inſpired all 
at once, Or all the variety of ſounding bodies in the world toge- 
ther, ſhould produce ſounds of ſeveral tones, and propagate them 
through the air confuſedly intermixed. And if there were any 


natural bodies, which could reflect ſounds of one tone, and ſtifle 


or tranſmit thoſe of another; then, as the echo of a confuſed 
aggregate of all tones would be that particular tone, which the 
echoing body is diſpoſed to reflect: ſo ſince even by Mr. Hook's 
conceſſions there are bodies apt to reflect rays of one colour, and 
ſtifle or tranſmit thoſe of another; I can as eaſily conceive, 
that thoſe bodies, when illuminated by mixture of all colours, 
muſt appear of that colour only which they reflect. 

But when Mr. Hook would inſinuate a difficulty in theſe 
things, by alluding to ſounds in the ſtring of a muſical inſtru- 


ment before percuſſion, or in the air of an organ- bellows be- 
fore its arrival to the pipes: I muſt confeſs I underſtand it as lit- 


tle, as if he had ſpoke of light in a piece of a wood, before it 
be ſet on fire; or in the oil of a _ before it aſcend up the 
match to feed the flame. 


You ſee therefore how much it is beſides the buſineſs in Difficulties of 


ook's 
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hand, to diſpute about hypotheſis. For which reaſon I ſhall now, d.ccourſe. 


in the laſt place, proceed to abſtract the difficulties bead la 


Mr. Hook's diſcourſe, and, without having regard to any hypothe- 
tis, conſider them in general terms. And they may be reduced 
to theſe queries: Whether the unequal refractions, made without 
reſpect to any inequality of incidence, be cauſed by the different 
refrangibility of ſeveral rays, or bv the ſplitting, breaking, or 
diſſipating the ſame ray into diverging parts? Whether there be 
more than two ſorts of colours; and whether whiteneſs be a mix- 
ture of all colours ? 

The firſt of theſe queries you may find already determined by 
a experiment in my former letter: the deſign of which was to 
ſhew, that the length of the coloured image | proceeded not from 


_ My unevenneſs in the glaſs, or any other contingent irregularity 


I 
res reſractions. Amongſt other irregularitics, I know not 
w 

at is more obvious to ſuſpect, than a fortuitous dilating and 


ſpreading of light, after ſome ſuch manner as Des Cartes hath 


Vor. IV. Uu deſcribed 
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DHEORY OF 
deſcribed in his æthereal refractions for explicating the tail of à 
comet; or as Mr. Hook now ſuppoſeth to be effected by the ſplit- 
ting and rarifying of his zthereal pulſes. And to prevent the 
ſuſpicion of any ſuch irregularities, I told you, that I refracted 
the light contrary ways with two priſms ſucceffively; to deftroy 
thereby the regular effects of the firſt priſm by the ſecond; and 
to diſcover the irregular effects, by augmenting them with ite- 
rated refractions. Now, amongſt other irregularities, if the firſt 
priſm had ſpread and diſſipated every ray into an indefinite num- 


ber of diverging parts; the ſecond ſhould, in like manner, have 


ſpread and diſſipated every one of thoſe parts into a further in- 
definite number: whereby the image would ſtill be more dilated, 


contrary to the event. And this ought to have happened, be- 


cauſe thoſe linear diverging parts depend not on one another for 
the manner of their refraction, but are every one of them as 


truly and compleatly rays, as the whole was before its incidence, 


as may aypear by intercepting them ſeverally. 


The reaſonableneſs of this proceeding will, perhaps, better ap- 
pear, by acquainting you with this further circumſtance. I ſome- 


times placed the ſecond priſm in a poſition tranſverſe to the firlt, 
on deſign to try if it would make the long image become four- 


ſquare, by refractions croſſing thoſe which had drawn the round 


image into a long one. For if amongſt other irregularities the 
retraction of vo firſt priſm did, by ſplitting, dilate a linear ray 
into a ſuperficial, the croſs refractions of that r. priſm ought, 
by further ſplitting, to dilate, and draw that ſuperficial * m 


a pyramidal fold. But upon trial I found it otherwiſe 
image being as regularly oblong as before, and inclined to * 
the priſms at an angle of 45 degrees. 
tried alſo all other poſitions of the ſecond priſm, by turning 
the ends about its middle part, and in no caſe could obſerve any 
ſuch irregularity. The image was ever alike inclined to both 
priſms, its breadth anſwering to the ſun's diameter, and its length 
being greater or leſs, accordingly as the refractions more or leſs 
agreed or contradicted one another. And by theſe obſervations, 
ſince the breadth of the image was not augmented by the croſs 
refraction of the ſecond priſm, that refraction muſt have been 
performed 


LIGHT AND COLOURS. 

performed without any ſplitting and dilating of the ray: and 
therefore at leaſt the light incident on that priſm muſt be grant- 
ed an aggregate of rays unequally refrangible in my ſenſe. And 
ſince the image was equally inclined to both priſms, and conſe- 
quently the refractions alike in both, it argues, that they were 
performed according to ſome conſtant law without any irregu- 
larity. 

To determine the ſecond query, Mr. Hook refers to an experi- e 
ment made with two wedge-like boxes; the deſign of which was than two. 
to produce all colours out of a mixture of two. But there is a 
double defect in this inſtance ; for it appears not that by this 
experiment all colours can be produced out of two ; and if they 
could, yet the inference would not follow. That all colours 
cannot, by. the experiment, be produced out of two, will appear 
by confidering, that the tincture of aloes, which afforded one of 
thoſe colonrs, was not all over of one uniform colour, but ap- 
peared Yellow near the edge of the box, and Red at other places 
where it was thicker, affording all variety of colours from a pale 
Yellow to a deep Red or Scarlet, according to the various thick- 
neſs of the liquor. And ſo the ſolution of copper, which af- 
forded the other colour, was of various Blues and Indicos : ſo 
that inſtead of two colours, here is a great variety made uſe of, 
for the production of all colours. Thus, for inſtance, to pro- 
duce all ſorts of Greens, the ſeveral degrees of Yellow and pale 
Blue muſt be mixed ; but to compound Purples, the Scarlet and 
deep Blue or Indico are to be the ingredients. 

Now if Mr. Hook contend, that all the Reds and vellows of 
the one liquor, or Blues and Indicos of the other, are only vari- 
ous degrees and dilutings of the ſame colour, and not divers co- 
lours; that is a begging of the queſtion: and I ſhould as ſoon 
grant, that the two-thirds or ſixths in muſic are but ſeveral de- 
grees of the ſame ſound, and not divers ſounds. Certainly it is 
much better to believe our ſenſes informing us, that Red and 
Yellow are divers colours; and to make it a philoſophical query, 
why the ſame liquor doth, according to its various thickneſs, ap- 
pear of thoſe divers colours; than to ſuppoſe them to be the ſame 
colour, becauſe exhibited by the ſame liquor. For if that were 
Uu 2 the 
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the ſufficient reaſon, then Blue and Yellow muſt alſo be the ſame 
colour, ſince they are both exhibited by the ſame tincture of ye. 
phritick wood. | 

But that they are divers colours, you will more fully under. 
ſtand by the reaſon of them, wuich is this: The tincture of 
aloes is qualified to tranſmit moſt eaſily the rays indued with Red; 
moſt difficulty, the rays indued with Violet; and with intermedi- 
ate degrees of facility, the rays indued with intermediate colours, 
So that where the liquor 1s very thin, it may ſuffice to intercept 
moſt of the Violet, and yet tranſmit moſt of the other colours; 
all which together muſt compound a middle colour, that is, a 
faint Yellow. And where it is ſo much thicker, as alſo to in- 
tercept moſt of the Blue and Green; the remaining Green, Yel- 
low, and Red, muſt compound an Orange. And where the 
thickneſs is fo great, that ſcarce any rays can paſs through it, be- 
{ides thoſe indued with Red; it muſt appear of that colour, and 
that ſo much the deeper and obſcurer, by how much the liquor 
is thicker. And the ſame may be underſtood of the various de- 
grees of Blue exhibited by the ſolution of copper, by reaſon of 
its diſpoſition to intercept Red moſt eaſily, and tranſmit a deep 
Blue or Indico colour moſt freely. 

But ſuppoling that all colours might, according to this experi- 
ment, be produced out of two by mixture; yet it follows not, 
that thoſe two are the only original colours, and that for a dou- 
ble reaſon. Firſt, becauſe thoſe two are not themſelves original 
colours, but compounded of others; there being no liquor, nor 
any other body in nature, whoſe colour in day-light is wholly 
uncompounded. And then, becauſe though thoſe two were ori- 
ginal, and all others might be compounded of them ; yet it fol- 
lows not that they cannot be otherwiſe produced. For I ſaid, 
that they had a double origin, the ſame colours to ſenſe being in 
ſome caſe compounded, and in others uncompounded ; and ſuf- 
ficiently declared in my third and fourth Propoſitions, and in the 
concluſion, by what properties the one might be known and diſ- 
tinguiſhed from the other. But becauſe I ſuſpect, by ſome circum- 
N that the diſtinction might not be rightly apprehended; 1 


ſhall once more declare it, and further explain it by examples. 
That 
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That colour is primary, or original, which cannot by any art Rule to 
| ; F diſtinguiſh 
he changed, and whoſe rays are all alike refrangible; and that compounded 
compounded, which is changeable into other colours, and whoſe rays 3 . 
are not alike refrangible. For inſtance, to know whether the © 
colour of any Green object be compounded or not, view it through 
a priſm 3 and if it appear confuſed, and the edges tinged with 
Blue, Yellow, or any variety of other colours, then 1s that Green 
compounded of ſuch colours, as at its edges emerge out of it. 
But if it appear diſtinct and well defined, and intirely Green to 
the very edges, without any otber colours emerging; it is of an 
original and uncompounded Green. In like manner, if a re- 
ſracted beam of light, being caſt on a white wall, exhibit a 
Green colour; to know whether that be compounded, refract the 
beam with an interpoſed priſm: and if you find any difformity 
in the refractions, and the Green. be transformed into Blue, Yel-- 
low, or any variety of other colours; you may conclude, that it 
was compounded of thoſe colours which emerge. But if the re- 
fraction be uniform, and the Green perſiſt without any change- 
of colour; then it is original and uncompounded. And the rea- 
ſon why I call it fo, is, becauſe a Green, indued with ſuch pro- 
perties,. cannot be produced by any mixing of other colours. 
Now if two green objects may, to the naked eye, appear of 
the ſame colour; and' yet one of them, through a priſm, ſeem. 
confuſed, and variegated with other colours at tlie edges; and the 
other diſtinct and intirely Green: or, if there may be two beams 
of light which, fallin gon a white wall, do, to the naked eye, ex- 
hibit the ſame Green colour; and yet one of them, when tran{- 
mitted through a priſm, be uniformly and regularly refracted, 
and retain its colour unchanged ; and the other be irregularly re- 
| -frafted, and made to divaricate into a multitude of other co- 
lours : I ſuppoſe theſe two Greens will, in both caſes, be grant- 
ed of a different origin and conſtitution. And if by mixing co-- 
lours a Green cannot be compounded with the properties of the 
unchangeable Greet, I think I may call that an uncompounded 
colour; eſpecially ſince its rays are all alike refrangible, and uni- 
form in all reſpects. | 
The 


Wb > =. A na oc Se a” Es * 
1 my 3 7 


4 334 THEORY OF 
| The ſame rule is to be obſerved in examining whether Req, 
Orange, Yellow, Blue, or any other colour, be compounded or 

not. And, by the way, ſince all White objects through the 

priſm appeared confuſed, and terminated with colours; Whiteneſ 

muſt, according to this diſtinction, be ever compounded ; and 

that the moſt of all colours, becauſe it is the moſt confuſed and 

changed by refractions. 

A way of From hence I may take occaſion to communicate a way for the 
Microſcopes, improvement of microſcopes by refraction; which I do the more 

| willingly, becauſe Mr. Hook hath made ſuch excellent uſe of that 
inſtrument ; and I ſhall be glad if it will contribute any: thing to 

your promotion of thoſe his ingenious endeavours, or add to his 
inventions of that kind. The way is, by illuminating the ob— 

ject in a darkened room with light of any convenient colour, 

not too much compounded. For by that means the microſcope 

will, with diſtinctneſs, bear a deeper charge and larger aperture; 

eſpecially if its conſtruction be ſuch as I may hereafter deſcribe: 

for the advantage in ordinary microſcopes will not be ſo ſenſible, 
ee . There remains now the third query to be conſidered; and that 
colours. is, Whether Whiteneſs be an uniform colour, or a diſſimilar mix- 
ture of all colours. The experiment which I brought to de- 

a cide it, Mr. Hook thinks may be otherwiſe explained, aud ſo con- 
cludes nothing. But he might eaſily have ſatisfied himſelf, by 

trying what would be the reſult of a mixture of all colours, 

And that very experiment might have ſatisfied him, if he had 
examined it by the various circumſtances. One circumſtance 1 

there declared, of which I ſee no notice taken ; and it is, that if 

any colour at the lens be intercepted, the whiteneſs will be 

changed into the other colours. If all the colours but Red be 
intercepted, the Red alone, in the concourſe or croſſing of the 

rays, Will not conſtitute whiteneſs, but continues as much Red as 

before; ; and ſo of the other colours. So that the buſineſs is not 

only to ſhew how rays, which before the concourſe exhibit c 

lours, do in the concourſe exhibit White: but to ſhew how, in 

the ſame place where the ſeveral ſorts of rays apart exhibit ſe- 

veral colours, a confuſion of all together make White. For in- 


ſtance, if Red alone be firſt tranſmitted to the paper at the my 
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of concourſe, and then the other colours be let fall on that Red : 
the queſtion will be, whether they convert it into White, by 
mixing with it only ; as Blue, falling upon Yellow light, is ſup- 


poſed to compound Green: or whether there be ſome further 


change wrought in the colours by their mutual acting on one an- 
other, until, like contrary peripatetic qualities, they become aſ- 
ſimilated. And he that ſhall explicate this caſe mechanically, 
muſt conquer a double impoſſibility. He muſt firſt ſhew, that 
many unlike motions in a fluid can, by claſhing, ſo act on one 
another, and change each other, as to become one uniform mo- 
tion ; and then, that an uniform motion can of itſelf, without any 


new unequal impreſſions, depart into a great variety of motions | 


regularly unequal. And after this he muſt further tell me, why 
all objects appear not of the fame colour; that is, why their 


colours in the air, where the rays that convey them every way 


are confuſedly mixed, do not aſſimilate one another, and become 
uniform, before they arrive at the ſpectator's eye. 

But if there be yet any doubting, it is better to put the event 
on further circumſtances of the experiment, than to acquieſce in 
the poſſibility of any hypothetical explication. As, for inſtance, 
by trying what will be the apparition of theſe colours in a very 
quick conſecution of one another. And this may be eafily per- 


formed by the rapid gyration of a wheel with many {pokes, or 


coggs in its perimeter, whoſe interitices and thickneſſes may be 
equal; and of ſuch a largeneſs, that if the wheel be interpoſed 
between the priſm and the White concourſe of the colours, . one 
half of the colours may be intercepted by a ſpoke or cogg, and 
the other half paſs through an interſtice. The wheel being in 


this poſture, you may firſt turn it ſlowly about, to ſee all the co- 


lours fall ſucceſſively on the ſame place of the paper, held at 
the aforeſaid concourſe : and if you then accelerate its gyration, 


until the conſecution of thoſe colours be ſo quick, that you can- 


not diſtinguiſh them ſeverally; the reſulting colour will be a 
whiteneſs perfectly like that which an unrefracted beam of light 
exhibiteth, when in like manner ſucceſſively interrupted by the 
ſpokes or coggs of that circulating wheel. And that this white- 


without 


neſs is produced only by a ſucceſſive intermixture of the colours, 
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without their being aſſimilated or reduced to any, uniformity, ;; 
certainly beyond all poſſibility of doubting; unleſs things that ex. 
iſt not at the ſame time, may notwithſtanding act on one an. 
other. Do” | 1 
There are yet other circumſtances, by which the truth might 
have been decided; as by viewing the White concourſe of the 


colours through another priſm, placed cloſe to the eye, by whoſe 
refraction that whiteneſs may appear again transformed into co- 


lours. And then, to examine their origin, if an aſſiſtant inter- 


cept any of the colours at the lens before their arrival at the white- 


neſs, the ſame colours will vaniſh from amongſt thoſe, into which 
that whiteneſs is converted by the {ſecond priſm. Now if the 
rays which diſappear be the 1ame with thoſe that are intercepted; 


then it muſt be acknowledged, that the fecond priſm makes no 


new colour in any rays which were not in them before their con- 
courſe at the paper : which is a plain indication, that the rays of 
ſeveral colours remain diſtinct from one another in the whiteneſs, 
and that from their previous diſpoſitions are derived the colours 


of the ſecond priſm. And, by the way, what is ſaid of their 
colours, may be applied to their refrangibility. The aforeſaid 


wheel may be alſo here made uſe of. And if its gyration be 
neither too quick nor too ſlow, the ſucceſſion of the colours may 
be diſcerned through the priſm, whilſt, to the naked eye of a 
by-ſtander, they exhibit whiteneſs. b 
There is ſomething ſtill remaining to be ſaid of this experi- 
ment. But this 1 conceive is enough to enforce it, and fo to de- 
cide the controverſy. However, I ſhall now proceed to ſhew 


ſome other ways of producing whiteneſs by mixtures; fince | 
perſuade myſelf, that this aſſertion above the reſt appears pa- 


radoxical, and is with moſt difficulty admitted. And becauſe 
Mr. Hooꝶ deſires an inſtance of it in bodies of divers colours, | 
mall begin with that. But in order thereto, it muſt be conſi- 
dered, that ſuch coloured bodies reflect but ſome part of the light 
incident on them, as is evident by the 13th Propoſition ; and 
therefore the light, reflected from an aggregate of them, will be 
much weakened by the loſs of many rays. Whence a perfect 


and intenſe whiteneſs is not to be expected, but rather a colour 
6 | between 


LIGHT AND COLOURS. a6 
between thoſe of light and ſhadow, or ſach a Grey or dirty co- - 
jour as may be made by mixing White and Black together. And 
yet ſuch a colour will reſult, may be collected from the colour of 
duſt found in every corner of a houſe, which hath been obſerved 
to conſiſt of many coloured particles. There may be alſo pro- 
duced the like dirty colour, by mixing ſeveral painter's colours to- 
gether. And the ſame may be effected by painting a top (ſuch 
as boys play with) of divers colours; for when it is made to cir- 
culate by whipping, it will appear of ſuch a dirty colour. 
Now the compounding of theſe colours is proper to my aa” af 
poſe, becauſe they differ not from whiteneſs in the ſpecies of co- ferent from 
lours, but only in degrees of luminouſneſs, which, did not Mr. hana 
Hook concede it, I might thus evince. A beam of the ſun's light 
being tranſmitted into a darkened room, if you illuminate a ſheet 
of white paper by that light reflected from a body of any colour; 
the paper will always appear of the colour of that body, by 
whoſe reflected light it is illuminated. If it be a Red body, the 
paper will be Red ; if a Green, it will be Green ; and ſo of the 
other colours. And the reaſon is, that the fibres or threads, of 
which the paper conſiſts, are all tranſparent and ſpecular; and 
ſuch ſubſtances are known to reflect colours without changing 
them. To know, therefore, to what ſeries of colours a Grey 
belongeth, place any Grey body, ſuppoſe a mixture of painted 
colours, in the ſaid light; and the paper, being illuminated by 
ts reflection, ſhall appear White; and the ſame thing will hap- 
pen, if it be illuminated by reflection from a Black ſubſtance. 
Theſe, therefore, are all of one ſpecies ; but yet they ſeem to oy 
A: £ lack by what 
be diſtinguiſhed not only by. degrees of luminouſneſs, but alſo diflinguithed 
by ſome other inequalities, whereby they become more harſh or TO 
pleaſant : and the diſtinction ſeems to be, that Grays, and per- 
haps Black, are made by an uneven defect of light, confiſting as 
it were of many little veins or ſtreams, which differ either in lu- 
minouſneſs, or in the unequal diſtribution of diverſly coloured 
rays, ſuch as ought to be cauſed by reflection from a mixture of 
White and Black, or of diverily coloured corpuſcles. But when 
uch imperfectly mixed light is, by a ſecond reflection from the 


paper, more evenly and uniformly blended, it becomes more 
Vor. IV. XX pleaſant, 
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| _THEORY OF 
pleaſant, and exhibits a faint or ſhaddowed whitenefs. And that 


Et 
ſuch little irregularities as theſe may cauſe theſe differences is not 1 
improbable, if we conſider how much variety may be cauſed in 
ſounds of the fame tone by irregular and uneven jarrings. Ang, ye 
beſides, theſe differences are fo little, that I have ſometimes by 
doubted whether they be any at all; when I have conſidered, that {e 
a Black and a White body being placed together, the one in a lo 
{trong light, and the other in a very faint light ſo proportioned, fr 
that they might appear equally luminous; it hath been difficult ne 
to diſtinguiſh them, when viewed at a diſtance, unleſs when the al 
Black ſeemed more Blueiſh, and the White body in a light till A] 
fainter, hath, in compariſon of the Black body itſelf, appeared d 
Black. -” e ty 
_ way This leads me to another way of compounding Whitenefs, Ic 
ing Whire- Which is this: that if four or five bodies of the more eminent co- 1 
OY lours, or a paper painted all over in ſeveral parts of it with thoſe t! 
ſeveral colours in a due proportion, be placed in the ſaid beam of V 
light; the light reflected from thoſe colours to another white f 
paper, held at a convenient diſtance, ſhall make that paper ap- v 
pear White. If it be held too near the colours, its parts will I 
ſeem of thoſe colours which are neareſt them; but by removing 
it further, that all its parts may be equally illuminated by all the « 
colours, they will be more and more dilated, until they become 1 
perfectly White. And you may further obſerve, that if any of f 
the colours be intercepted, the paper will no longer appear White, f 
© but of the other colours which are not intercepted. Now that { 
: | this Whiteneſs is a mixture of the ſeverally coloured rays, fall- | 


ing confuſedly on the paper, I ſec no reaſon to doubt of; becauſe 
if the light became uniform and ſimilar before it fell on the pa- 
per, it muſt much more be uniform, when at a greater diltance 
it falls on the ſpectator's eye; and ſo the rays which come from 
ſeveral colours would, in no qualities, differ from one another, 
but all of them exhibit the ſame colour to the ſpectator, contrar? 
to what he ſees. Not much unlike this inſtance it is, that if a 
poliſhed piece of metal be ſo placed, that the colours appear in it 
as a looking-glaſs, and then the metal be made rough, that by # 
confuſed reflection thoſe apparent colours may be — to- 
get ler; 
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gether, they ſhall diſappear, and by their mixture cauſe the me- 
tal to look White. 


per any White froth, conſiſting of ſmall bubbles, be illuminated Fro. 
by reflection from the aforeſaid colours, it ſhall to the naked eye 

ſeem White; and yet through a good microſcope the ſeveral co- 

jours will appear diflinct on the bubbles, as if ſeen by reflection 

from ſo many ſpherical ſurfaces; with my naked eye being very 
near, I have alto diſcerned the feveral colours on each bubble; 
and yet at a greater diftance, where I could not diſtinguiſh them 
apart, the froth hath appeared entirely White. And at the ſame 
diſtance, when I looked intently, I have ſeen the colours diſtinct- 
ly on each bubble; and yet by ſtraining my eyes, as if I would 
look at ſomething far off beyond them, thereby to render the vi- 
ſion confuſed, the froth hath appeared without any other colour 
than Whiteneſs. And what is here ſaid of froth, may be eaſily 
underſtood of the paper or metal in the foregoing experiments ; 
for their parts are ſpecular bodies, like thoſe bubbles, and perhaps 
with an excellent microſcope the colours may be alſo ſeen inter- 
mixedly reflected from them. 

In proportioning the ſeverally coloured bodies to produce theſe 
effects, there may be ſome niceneſs ; and it will be more conve- 
nient to make uſe of the colours of the priſm caſt on a wall, 
by whoſe reflection the paper, metal, froth, and other white 
ſubſtances may be illuminated : and I uſually made my trials 
this way, becauſe I could better exclude any ſcattering light from 
mixing with the colours to dilute them. 

To this way of compounding Whiteneſs may be tered that 
other, by mixing light after it hath been trajected through tranſ- 
parently coloured ſubſtances. For inſtance, if no light be ad- 
mitted into a room but only through coloured glaſs, whoſe ſeve- 
Tal parts are of ſeveral colours in a pretty equal proportion, all 
White things in the room ſhall appear White, if they be not 
held too near the glaſs: and yet this light with which they are 
illuminated cannot poſſibly be uniform, becauſe if the rays, 
Which at their entrance are of divers colours, do, in their pro- 
ren through the room, ſuffer any alteration to be reduced to an 
XX 2 uniformity, 


But further to enforce this perten if inſtead of the 9 


Mhiteneſs ot 
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uniformity, the glaſs would not, in the remoteſt parts of the 
room, appear of the very ſame colour which it doth when the 
ſpectator's eye is very near it. Nor would the rays, when tranſ- 
mitted into another dark room through a little hole in an oppo- 
ſite door or partition-wall, project on a paper the ſpecies or repre- 
ſentation of the glaſs in its proper colours. 

And, by the way, this ſeems a very fit and cogent inſtance of 
ſome other parts of my theory, and particularly of the 1 3th Pro. 
poſition. For in this room all natural bodies whatever appear of 
their proper colours; and all the phænomena of colours in na- 


ture, made either by refraction or without it, are here the ſame 


as in the open air. Now the light in this room being fuch a 
diſſimilar mixture as I have deſcribed in my Theory, the cauſes 
of all theſe phenomena muſt be the ſame that I have there aſ- 
ſigned. And ] can ſee no reaſon to ſuſpect, that the ſame phæ- 
nomena ſhould have other cauſes in the open air. The ſucceſs of 
this experiment may be eaſily conjectured by the appearance of 
things in a church or chapel, whoſe windows are of coloured 
glaſs; or in the open air, when it is illuſtrated with clouds of ya- 
rious colours, | | 


There are yet other ways by which I dove produced White- 


| neſs: as by caſting ſeveral colours from two or more priſms upon 


the ſame place, by refracting a beam of light with two or three 


priſms ſucceflively, to make the diverging colours converge again; 


by reflecting one colour upon another; and by looking through a 
priſm on an object of many colours; and, which is equivalent to 


Mr. Hochs way of mixing colours, by concave-wedges filled with 


coloured liquors, I have obſerved the ſhadows of a painted 
glaſs-window to become white, where thoſe of many colours 
have at a great diſtance interfered, But yet, for further ſatis- 
faction, he may try, if he pleaſe, the effects of four or fire ſuch 
wedges filled with liquors of as many colours. 

Beſides all theſe, the colours of water- bubbles, and other thin 
pellucid ſubſtances, afford ſeveral inſtances of Whiteneſs, produced 
by their mixture; with one of which I ſhall conclude this parti- 
cular. Let ſome water, in which a convenient quantity of ſoap or 


waſh- bal is diſſolved, be agitated into a froth; - and after that froth 
hath 


rie 
th. 
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hath ſtood a while without further agitation, till you ſee the bubbles 
of which it conſiſts begin to break, there will appear a great va- 
riety of colours all over the top of every bubble, if you view 
them near at hand ; but if you view them at ſo great a diſtance, 
that you cannot diſtinguiſh the colours one from another, the froth 
will appear perfectly White. 


of; as the denial of the Experimentium Crucis. On this I choſe 
to lay the whole ſtreſs of my diſcourſe, which therefore was the 


convinced of its inſufficiency by a ſhort bare denial, without aſ- 
ſigning a reaſon for it. Jam apt to believe it hath been miſun- 
derſtood. For otherwiſe it would have prevented the diſcourſes 
about rarefying and ſplitting of rays; becauſe the deſign of it is 
to ſhew, that rays of divers colours, conſidered apart, do at 
equal incidences ſuffer unequal refractions, without being ſplit, 
rarefied, or any way dilated. 
in the conſiderations on my firſt and ſecond Propoſitions, Mr. 


Experimentum Crucis might have informed him of. Andin ge- 
Propoſitions hypothetically, the more material ſuggeſtions, by 


ration; ſuch as are the unchangeableneſs of the degree of re- 
frangibility peculiar to any ſort of rays; the ſtrict analogy be- 


between compounded and uncompounded colours; the unchange- 
ableneſs of uncompounded colours; and the aſſertion, that if 
any one of the priſmatic colours be wholly intercepted, that co- 
lour cannot be new produced out of the remaining light by any 
further refraction or reflection whatſoever ; - and of what length 
and efficacy theſe particulars are for enforcing the theory, I de- 


fie, therefore, may be now conſidered. 
In 


principal thing to have been objected againſt. But I cannot be 


neral I find, that whilſt he hath endeavoured to explicate my 


which I deſigned to recommend them, have eſcaped his conlide=-. 


tween the degrees of refrangibility and colours; the diſtinction 
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Thus much concerning the deſign and ſubſtance of Mr. Hog ® fer imen- 


tum Crucis 


conſiderations. There are yet ſome particulars to be taken notice :#i med. 


Hook's repre ; 
ſentation of 


Hook hath rendered my doctrine of unequal refrangibility very the Newto- 
imperfect and maimed, by explicating it wholly by the ſplitting , 
of rays; whereas I chiefly intended it in thoſe refractions, which * 
are performed without that ſuppoſed irregularity, ſuch as the 


nian doctrine 
ery imper- 
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Degree of 
certainty in 


<4: OA OF 
In the laſt place, I ſhould take notice of a caſual expreſſion, 


the Science which intimates a greater certainty in theſe things, than J ever 


of Colours, 


promiſed, vis. the certamty of Mathematical Demon/trations. I 
faid, indeed, that the ſcience of colours was mathematical, and 
as certain as any other part of Optics; but who knows not that 
Optics, and many other mathematical ſciences, depend as well on 
phyſical ſciences, as on mathematical demonſtrations ? And the 
abſolute certainty of a ſcience cannot exceed the certainty of its 
principles. Now the evidence, by which I aſſerted the propoſi- 
tions of colours, is in the next words expreſſed to be from experi- 
ments, and ſo but phyſical : whence the Propoſitions themſelves 
can be eſteemed no more than phyſical principles of a ſcience, 
And if thoſe principles be ſuch, that on them a mathematician 
may determine all the phznomena of colours, that can be cauſed 
by refractions, and that by diſputing or demonſtrating after what 
manner, and how much, thoſe refractions do ſeparate or mingle 
the rays, in which ſeveral colours are originally inherent ; I ſup- 
poſe the ſcience of colours will be granted mathematical, and as 

certain as any part of Optics. And that this may be done, I have 


good reaſon to believe, becauſe ever fince I became firſt acquaint- 


ed with theſe principles, I have, with conſtant ſucceſs in the 
events, made uſe of them for this purpoſe. 

Thus much I have thought fit to return to Mr. Hoo#'s conſide- 
rations, which, that it may bring ſatisfaction in this part of Op- 


tics to the honourable members of the Royal Society, hath been 


the rule of my intentions. Yours, &c. 


VII. | 
To Mr. OL DEN B U R G. 


81 Ry a 


I Received you letter, with Mr. Huger's A preſent, which 
I have viewed with great ſatis faction, finding it full of very ſub- 
tle and uſeful ſpeculation very worthy of the author. I am 
glad that we are to expect another diſcourſe of the vis centrifugs, 
which ſpeculation may prove of good uſe in natural philoſophy 


and aſtronomy, as well as mechanics. 
1 Thus, 


LIGHT AND COLOURS. 343 


Thus, for inſtance, if the reaſon why the ſame fide of the moon is Rimage of 
erer towards the earth, be the greater conatus of the other ſide to ar fog Vy the 
recede from it; it will follow, upon ſuppoſition of the earth's mo- oon. 
tion about the ſun, that the greateſt diſtance of the ſun from the 
earth is to the greateſt diftance of the moon from the earth not 

eater than T0000 to 56: and therefore the parallax of the ſun 
will not be lefs than ss of the parallax of the moon. Becauſe 
were the ſun's diftance leſs in proportion to that of the moon, ſhe 
would have a greater conatus from the ſun than from the earth. 
thought alſo ſometimes, that the moon's libration might depend 
upon her conatus from the fun and earth compared together, till 
1 apprehended a better cauſe. 

In the demonſtration of the 18th Propoſition, De deſcenſi. 8 . 
gravium, there ſeems to be an illegitimate ſuppoſition ; namely, tion in Mr. 
that the flexures at B and c do not hinder the motion of the de- demon 


= demonſtration 

ſcending body. For in reality they will hinder it; ſo that the pie. 
body, which deſcends from a, ſhall not acquire fo great velocity ©: 
when arrived at p, as one which defcends from E. If this ſup- 
poſition be made, becauſe a body deſcending by a curve line 
meets with no ſuch oppoſition, and this propoſition is laid down 
in order to the contemplation of motion in curve lines; then it 
ſhould have been ſhewn, that though rectilinear flexures do hin- 
der, yet the infinitely little flexures, which are in curves, though 
infinite in number, do not at all hinder the motion. - 

The rectifying curve lines by that way, which Mr. Hagens calls Evolution, 
evolution, J have been ſome time conſidering allo; and have met 

with a way of reſolving it, which ſeems more ready and free 

from the trouble of. calculation, than that of Mr. Huygens, If 
he pleaſe, I will ſend it him. The Problem alſo is capable of 
being improved, by being propounded thus more generally. 

Curvas invenire qualeſcunque, quarum longitudines cum pro- 
hojite alicujus Curve longitudine, vel cum ared us, ad datam li- 
neam applicatd, comparari polſiunt. 

Concerning the buſineſs of colours, when Mr. Hugens hath hits note 


be produced 
ſewn how White may be produced out of two uncompounded co-- out of tuo 


uncompuund- 


burg, T will tell him, why he can conclude nothing from that; my ed Colours. 
meaning 
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1 HE DUN NM OF 
meaning was, that ſuch a White, were there any ſuch, would 
have different properties from the White which I had reſpect to, 
when I deſcribed my Theory; that is, from the White of the 
ſun's immediate light, of the ordinary objects of our ſenſes, and 
of all white phenomena that have hitherto fallen under my ob- 
ſervation. And thoſe different properties would evince it to he 
of a different conſtitution : inſomuch, that ſuch a production of 


White would be ſo far from contradicting, that it would rather 


illuſtrate and confirm my Theory ; becauſe by the difference of 
that from other Whites, it would appear, that other Whites are 


not compounded of only two colours like that. And therefore 
if Monſ. H. would prove any thing, it is requiſite that he do not 


only produce out of two primitive colours a White, which to 


the naked eye ſhall appear like other Whites, but alſo ſhall agree 
with them in all other properties. 


But to let you underſtand wherein ſuch a White would differ 


from other Whites, and why from thence it would follow, that 


other Whites are otherwiſe compounded:4 I ſhall lay down this 
poſition. 


That a compounded colour can be reſolved into no more ſi mple co- | 
tours, than thoſe of which it is compounded. 
This ſeems to be ſelf evident; and I have alſo tried it * 


un, and particularly by this which follows. Let a reprolent an 
"A oblong piece of White paper, about + or 3 of an inch 


5 broad, and illuminated in a dark . with a mixture 
= of two colours caſt upon it from two priſms; ſuppoſe a 
"—# deep Blue and Scarlet, which muſt ſeverally be as un- 


at a convenient diſtance, ſuppoſe of ſix or eight yards, 
view it through a clear triangular glaſs or cryſtal priſm, held pa- 
rallel to the paper; and you ſhall ſee the two colours parted from 


one another in the faſhion of two images of the paper, as they 
are repreſented at h and /; where ſuppoſe g the Scarlet, and y 


the Blue, without Green, or any other colour between them. 
Now trom the aforeſaid poſition I deduce theſe two concluſions. 
I. That if there were found out a way to compound White of 


two ſimple colours, that White would be again reſolvable into no 
more 


E====| compounded as they can conveniently be made. Then, 
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more than two. 2. That if other Whites, as that of the ſun's 
tight, 8c. be reſolvable into more than two ſimple colours, as I 
find by experiment that they are, then they muſt be compounded 
of more than two. 

To make this plainer, ſuppoſe that a repreſents : a White body, 
illuminated by a direct beam of the ſun, tranſmitted through a 


py | - ſmall hole into a dark room; and a, fuch 
ee i Ol another body, illuminated by a mixture 
=== [== | of two fimple colours ; which, if poſſi- 
S —_. ble, may make it alſo appear of a White 

© [== colour exactly like A. Then, at a conve- 


nient diſtance, view theſe two Whites 
through a priſm; and A will be changed into a ſeries of all co- 


tours, Red, Yellow, Green, Blue, Purple, with their intermediate 


degrees ſucceeding in order from B to c. But a, according to 


the aforeſaid experiment, will only yield thoſe two colours of 


which it was compounded; and thoſe not conterminate like the 
colours at Bc, but ſeparate from one another, as at & and , by 
means of the different refrangibility of the rays, to which they 


belong. And thus by comparing theſe two Whites, they would 


appear to be of a different conſtitution, and a to conſiſt of more 


colours than &. So that what Monſ. H. contends for, would ra- 
ther advance my Theory by the acceſs of a new kind of White, 


than conclude againſt it. But I ſee no hopes of compounding 
ſuch a White. 

As for Monf. H. his expreſſion, That I maintain my ACIrine 
with ſome concern; I confeſs it was a little ungrateful to me, to 
meet with objections which had been anſwered before, without 
having the leaſt reaſon given me, why thoſe anſwers were inſuffi- 
cient, Thoſe anſwers were to ſhew, that there are other {imple 
colours beſides Blue and Yellow; I inſtanced in a ſimple or ho- 
mogeneal Green, ſuch as cannot be made by mixing Blue and Yel- 


low, or any other colours. And I alſo ſhewed why, ſuppoſing 
that all colours might be produced out of two, yet it would not 


follow that thoſe two are the only original colours. The reaſons 
I defire you would compare with what hath now been ſaid of 
White. And ſo the neceſſity of all colours to produce White, 

SDL; Yy might 
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uniform, whoſe rays are equally refrangible. 


our; and thoſe rays which agree in refrangibility, agree alſo in 


in other qualities, that their knowledge extends not to, there may 


bited by heterogeneal light. 


THEORY OP 


might have appeared by that experiment, where I ſay, That if 
any colour at the lens be intercepted, the Whiteneſs (which is 
compounded of them all) will be changed into (the reſult of) the 
other colours. 

However, ſince there ſeems to have happened ſome miſunder- 
ſtanding between us, I ſhall endeavour to explain myſelf a little 
further in theſe things, according to the following method. 


DEFINITIONS.] I, I call that Light homogeneal, ſimilar or 


II. And that heterogeneal, whoſe rays are unequally refran- 
gible. a 
Note. There are but three affections of light, in which 1 have 
obſerved its rays to differ, vis. refrangibility, reflexibility and co- 


the other two, and therefore may well be defined homogeneal; 
eſpecially ſince men uſually call thoſe things homogeneal, which 
are ſo in all qualities that come under their knowledge, though 


poſſibly be ſome heterogeneity. 
III. Thoſe colours I call ſimple, or homogeneal, which are 
exhibited by homogeneal light. | 
IV. And thoſe compounded or heterogeneal, which are exhi- 


V. Different colours, I call not only the more eminent ſpecies, 
Red, Yellow, Green, Blue, Purple, but all other the minuteſt gra- 
dations; much after the ſame manner that not only the more 
eminent degrees of muſick, but all the leaſt gradations are el- 
teemed different ſounds. 


_——_ — . e foot, d OA. mts 


PROPOSITIONS.] I. The ſun's light conſiſts of rays differing 
by indefinite degrees of refrangibility. 
II. Rays which differ in refrangibility when parted from one 
another, do proportionally differ in the colours which they exhi- 
bit. Theſe two Propoſitions are matter of fact. 
III. There are as many ſimple or homogeneal colours, as de- 


grees of refrangibility: for to every degree of refrangibility be- 
longs 
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longs a different colour, by Prop. II. and that colour is ſimple, 
by Def. I. and III. 

IV. Whiteneſs, in all reſpects like that of the ſun's immediate 
light, and of all the uſual objects of our ſenſes, cannot be com- 
pounded of two fimple colours alone : for ſuch a compoſition 
muſt be made by rays that have only two degrees of refrangibili- 
ty, by Def. I. and III; and therefore it cannot be like that of the 
ſun's light, by Prop. I; nor, for the ſame reaſon, like that of or- 
dinary White objects. 

V. Whiteneſs, in all reſpects like that of the ſun's immediate 
light, cannot be compounded of ſimple colours, without an in- 


quiſite rays endued with all the indefinite degrees of refrangibili- 
ty, by Prop. I. And thoſe infer as many e colours, by Def. 
I. and III. and Prop. II. and III. 


tions that follow. 


through the ſame medium. This appears by ſeveral former paſ- 
ſages, and is capable of further proof. 

VII. The rays of light ſuffer not any change of their qualities 
from refraction. | 

VII. Nor afterwards from the adjacent quiet medium. Theſe 
two Propoſitions are manifeſt de facto in homogeneal light, whoſe 
colour and refrangibility 1s not at all changeable, either by re- 
fraction, or by the contermination of a quiet medium. And as 
for heterogeneal light, it is but an aggregate of ſeveral ſorts of 
homogeneal light; no one ſort of which ſuffers any more alte- 
ration than if it were alone; becauſe the rays act not on one an- 
other, by Prop. v1. and therefore the aggregate can ſuffer none. 
Theſe two Propoſitions alſo might be further proved apart by ex- 
periments, too long to be here deſcribed. 

IX. There can no homogeneal colours be educed out of light 
by refraction, which were not commixt in it before; becauſe by 
Prop. vil. and v111. refraction changeth not the qualities of the 
rays, but only ſeparates thoſe which have diverſe qualities, by 


means of the different refrangibility. 


4 


definite variety of them: for to ſuch a compoſition there are re- 


To make theſe a little plainer, J have added alſo the Propoſi- 


VI. The rays of light do not act on one another in paſſing. 
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method of 
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THEORY OF 
KX. The ſun's light is an aggregate of an indefinite variety of 
homogeneal colours; by Prop. I. III. and IX. And hence it is, 
that I call homogeneal colours alſo primitive or original. 
And thus much concerning colours. 
Monſ. H. has thought fit to inſinuate, that the aberration of 


rays, by their different refrangibility, is not ſo conſiderable 3 


diſadvantage in glaſſes, as I ſeemed to be willing to make men 


believe, when I propounded concave mirrors as the only hopes 


of perfecting teleſcopes. But if he pleaſe to take his pen, and 
compute the errors of a glaſs and ſpeculum, that collect rays at 
equal diſtances, he will find how much he is miſtaken ; and that 
I have not been extravagant, as he imagines, in preferring re- 
flexions. And as for what he ſays of the difficulty of the praxis, 


J know it is very difficult; and by thoſe ways which he attempt- 


ed it, I believe unpracticable. But there is a way inſinuated in 
the Tranſactions, p. 3080, by which it is not 1mprobable, but 
that as much may be done in large teleſcopes, as I have thereby 
done in ſhort ones; but yet not without more than ordinary dili- 


gence and curioſity. 


Pray with theſe notes return my Manns £ to Mr. Hugens for his 


| book. 


By a former letter of your's, I was a little dubious whether 
Mr. $/4//45 might not apprehend, by what you wrote to him con- 
cerning me, that I pretended to his method of drawing tangents, 
until I underſtood by Mr. Collins that you fignified to him, that 
you thought it here of a later date, For it ſeems to me, that he 
was acquainted with it ſome years before he printed his Meſola- 
zum, and conſequently before I underſtood it. But if it had 
been otherwiſe, yet ſince he firſt imparted it to his friends and 


the world, it ought deſervedly to be accounted his. As for the 


methods, they are the ſame; though I believe derived from dit- 
ferent principles. But I know not whether his principles afford 
it ſo general as mine; which extends to equations affected with 
ſurd terms, without reducing them to another form. But, * 
you pleaſe, let this paſs. 

The incongruities you ſpeak of I paſs by. But I ruſt, 2s 


formerly, hignify to you, that I intend to be no farther ſollicitous 
about 


10 
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about matters of philoſophy. And therefore I hope you will 
not take it ill, if you find me never doing any thing more in 
that kind: or rather that you will favour me in my determina- 
tion, by preventing, ſo far as you can conveniently, any objec- 
tions, or other philoſophical letters, that may concern me. For 
your proffer about my quarterly payments, I thank you. But I 
would not have you trouble yourſelf to get them excuſed, if you 
have not done it already. And now being tired with this long 
letter, I muſt, in haſte, write myſelf your's, 8c. 


VIII. 


Mr. NEWTON'S anſwer to Monſ. HUGENIUS'S letter of 
| Jan. 14, 164%. 


SIR, 


IT ſeems to me, that M. Huygens takes an improper way of The fallacy of 
IT | . : Mr. Hugens's- 

examining the nature of colours, whilſt he proceeds upon com- method of = 
pounding thoſe that are already compounded, as he doth in the C. 
former part of his letter. Perhaps he would ſooner ſatisfy him- 
ſelf, by reſolving light into colours, as far as may be done by 
art, and then by examining the properties of thoſe colours apart ; 
and afterwards by trying the effects of reconjoining two-or more, 
or all of thoſe : and, laſtly, by ſeparating them again, to exa- 
mine what changes that reconjunction had wrought in them. 
This will prove a tedious and difficult taſk, to do it as it ought to 
de done; but I could not be ſatisfied, till I had gone through it. 
However, I only propound it, and leave every man to his own 
method. 


As to the contents of his letter, I conceive my former anſwer All colours | 
to the quære about the number of colours is ſufficient, which rived from 
was to this effect. That all colours cannot practically be derived Ed ou 
out of Yellow and Blue, and conſequently that thoſe hypotheſes 
are falſe, which imply they may. If you. aſk, what colours 
cannot be derived out of Yellow and Blue, I anſwer, none of 
thoſe which 1 defined to be original; and if he can ſhew by ex- 
periment how they may, I will acknowledge mylelt in an error. 


Nor: 
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Nor is it eaſier to frame an hypotheſis, by aſſuming only two ori- 
ginal colours, rather than an indefinite variety; unleſs it be ex. 
ſier to ſuppoſe, that there are but two figures, ſizes, and degrees 
of velocity, or force of the æthereal corpuſcles or pulſes, rather 
than an indefinite variety, which certainly would be a very harſh 
ſuppoſition, No man wonders at the indefinite variety of waves 
of the ſea, or of ſands on the ſhore ; but were they all of but 
two ſizes, it would be a very puzzling phenomenon. And! 
ſhould think it as unaccountable, if the ſeveral parts or corpuſ- 
cles of which a ſhining body conſiſts, which muſt be ſuppoſed 
of various figures, ſizes, and motions, ſhould impreſs but two 
ſorts of motion on the adjacent æthereal medium; or any other 
way beget but two ſorts of rays. But to examine how colours 
may be thus explained hypothetically, is, beſides, my purpoſe. 
I never intended to ſhew wherein conſiſts the nature and differ- 
ence of colours, but only to ſhew, that de fac7o they are origi- 
nal and immutable qualities of the rays which exhibit them; 
and to leave it to others to explicate, by mechanical hypotheſes, 
the nature and difference of the qualities; which I take to be no 
very difficult matter. But I would not be underſtood, as if their 
difference conſiſted in the different refrangibility of thoſe rays; 
for that different refrangibility conduces to their production no 
otherwiſe, than by ſeparating the rays whoſe qualities they are. 
Whence it is, that the ſame rays exhibit the ſame colours, when 
ſeparated by any other means; as by their different reflexibility; 
a quality not yet diſcourſed of. 

„ OR Rune particular, where M. Hugens would ſhew, that it 

e produced , : 1 1 

from Yellow, is not neceſſary to mix all colours for the production of White; 

Blue. the mixture of Vellow, Green, and Blue, without Red or Violet, 

| which he propounds for that end, will not produce White, but 
Green; and the brighteſt part of the Yellow will afford no other 
colour but Yellow, if the experiment be made in a room well 
darkened, as it ought, becauſe the coloured light is much weak- 
ened by the reflexion, and ſo apt to be diluted by the mixing of 
the other ſcattering light. But yet there is an experiment or tO 
mentioned in my letter in the Tranſactions, Numb. 88, by which 
I have produced White out of two colours alone, and that me 

ouny' 
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ouſly, as out of Orange and a full Blue, and out of Red and 
pale Blue, and out of Yellow and Violet; as alſo out of other 
pairs of intermediate colours, The moſt convenient experiment 
for performing this was, that of caſting the colours of one priſm 
upon thoſe of another, after a due manner. But what M. Hu- 
gens can deduce from hence, I ſee not; for the two colours were 
compounded of all others, and ſo the reſulting White, to ſpeak 
properly, was compounded of them all, and only decompound- 
ed of thoſe two. For inſtance, the Orange was compounded of 
Red, Orange, Yellow, and ſome Green ; and the Blue and Violet, 
full Blue, light Blue, and ſome Green, with all their intermediate 
degrees ; and conſequently the Orange and Blue together made 
an aggregate of all colours, to conſtitute the White. Thus if 
one mix Red, Orange and Yellow powders, to make an Orange; 
and Green, Blue, and Violet powders, to make a Blue: and, laſt- 
ly, the two mixtures to make a Grey : that Grey, though de- 
compounded of no more than two mixtures, is yet compounded 
of all the ſix powders as truly, as if the powders had been all 
mixed at once. This is ſo plain, that I conceive there can be no 
turther ſcruple ; eſpecially to them who know how to examine 
whether a colour be ſimple or compounded, and of what colours: - 
itis compounded : which having explained in another place, I 
need not now repeat. If therefore M. Hugens would conclude 
any thing, he muſt ſhew how White may be produced out of two 
uncompounded colours; which, when he hath done, I will fur- 
ther tell him why he can conclude nothing from that. But I 
believe there cannot be found an experiment of that kind ; be- 
caauſe, as I remember, I once tried by gradual ſucceſſion the mix- 
ture of all pairs of uncompounded colours, and though ſome of 
them were paler and nearer to White than others, yet none could 
be truly called White. But it being ſome years ſince this trial 
Was made, I remember not well the circumſtances ; and there- 
tore recommend it to others to be tried again. 

In the laſt place, had I thought the diſtinctneſs of the picture of the Sap 
Which (for inſtance) a twelve-foot object-glaſs caſts into a dark- Teleſtopes. 
ened room, to be ſo contrary to me as M. Hugens is pleaſed to af- 
firm, 1 ſhould have mended my Theory in that point, before I. 

propounded 
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though I put the nn lateral error of the rays from one an- 
ther to be about -; of the glaſs's diameter, yet their greateſt error 
from the points, on which they -ought to fall, will be but , of 


that fall near the perimeter, and have a mean degree of refran- 
_ Sibility. So that there remain only the rays which fall near the 
_ Perimeter, and are moſt or leaſt refrangible, to cauſe any ſenſible 
confuſion in the picture. And theſe are yet ſo much further 
weakened by the greater ſpace, through which they are ſcattered; 


than that which falls on any other point round about it. Which, 
although the light, which paſſeth through the middle parts of 
light convene infinitely more denſe at the due points, than at 
in, or. inſenfibly near, the juſt point, may, I conceive, ſtrike the 
ſenſorium ſo vigorouſly, that the impreſs of the weak light, 
which errs round about it, ſhall, in compariſon, not be ſtrong 
enough to be animadverted, or to cauſe any more ſenſible confu- 


fon in the picture, than is found by experience. This I conceive 
is enough to ſhew why the picture appears ſo diſtinct, notwith- 


than he expects. 


THEORY OF 
propounded it. For that I had thought on that difficulty, yon | 
may eaſily gueſs by an expreſſion ſomewhere in my firſt letter to 
this purpoſe, that I wondered how teleſcopes could be brought to 
ſo great perfection by refractions, which were ſo irregular, But 
to take away the difficulty, I muſt acquaint you, firſt, That 


that diameter : and then, that the rays, whoſe error is ſo great, 
are but very few, in compariſon to thoſe which are refracted 
more juſtly. For the rays, which fall upon the middle parts of 
the glaſs, are refracted with ſufficient exactneſs; as alſo are thoſe 


that the light which falls on the due point is infinitely more denſe, 
though it may ſeem a paradox, yet is eaſily demonſtrable, Yea, 
the glaſs, were wholly intercepted, yet would the remaining 


other places. And by this axis of denſity, the light which falls 


ſtanding the irregular refraction. But if this ſatisfy not, M. Hu- 
gens may try, if he pleaſe, how diſtinct the picture will appear, 
when all the lens is covered, excepting a little hole next its edge 
on one ſide only. And if in this caſe he pleaſe to meaſure the 
breadth of the colours, thus made at the edge of the ſun's pic- 
ture, he will perhaps find it approach nearer to my pr oportion 


* 
X. 
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0 To Mr. O L DE N BUR. [| 
t via iir | 0 
t SIR, 
= WHEN you ſhewed me Mr. Line's ſecond letter, J remember 
r 1 told you, that 1 thought an anſwer in writing would be inſigni- 
f ficant ; becauſe the diſpute was not about any ratiocination, but 
, my veracity in relating an experiment, which he denies will ſuc- 
d ceed, as it is deſcribed in my printed letter: for this is to be de- 
S cided not by diſcourſe, but new trial of the experiment. 
© What it is that impoſes upon Mr. Line, 1 cannot imagine; but 
; ſuſpect he has not tried the experiment ſince he acquainted 
e himſelf with my Theory; but depends upon his old notions, 
0 taken up before he had any hint given to obſerve the figure of 
[ the coloured image. I ſhall defire him, therefore, before he re- 
turns any anſwer, to try it once more for his ſatisfaction, and ac- 
; cording to this manner. 
5 Let him take any priſm, and hold it ſo that its axis may be Dino for 
making the 
) perpendicular to the ſun's rays; and in this poſture let it be placed experiment 
f as cloſe as may be to the hole, through which the ſun ſhines into Bito. 
> a dark room; which hole may be about the bigneſs of a pea, 
| Then let him turn the priſm ſlowly about its axis, and he ſhall 
N ſee the colours move upon the oppoſite wall; firſt, towards that 
s place to which the ſun's direct light would paſs, if the priſm were 
) taken away; and then back again. When they are in the middle 
of theſe two contrary motions, that is, when they are neareſt 
that place to which the ſun's direct ray tends, there let him ſtop; 
for then are the rays equally refracted on both ſides the priſm. 
: In this poſture of this priſm, let him obſerve the figure of the 
g colours; and he ſhall find it not round, as he contends, but ob- 
a long; and ſo much the more oblong as the angle of the priſm, 


CTU 


comprehended by the refracting planes, is bigger; and the wall, 
on which the colours are caſt, more diſtant from the priſm; the 
colours, Red, Vellow, Green, Blue, Purple, ſucceeding in order, 


not from one ſide of the figure to the other, as in Mr. Line's con- 
Vol. IV. Tx jecture, 
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ſucceed well, if the day be not clear, and the priſm placed cloſe to 


from the hole, may paſs through the priſm all; ſo as to appear in 
a round form, if 1 * a a inumediately alter it ba 
; paſſed the priſm. 


a little further; to try that which-I called the 2xperimentum crucis, 


know he has not done yet as oo ſhould * nm I prefume he 
will reſt ſatisfied. 


cond letter, I remember I thereupon ſhewed the firſt of theſe two 
experiments to that gentleman, whom you found with me when 
you gave me that viſit. And whilit I was ſhewing it to him, 4. 


dim alſo. And you. may remember, that R. H. two or three 
years ago, in a letter read before the Royal Society, and tranſmit- 
ted to me, gave teſtimony not only to the experiments queſtioned 

by Mr. Line, but to all thoſe ſet down in my firſt letter about co- 


do me the favour to propound the experiment to be tried in their 
Preſence, R. H. ſpoke of it to them as a thing not to be queſtion- 
ed. But if it have not yet been tried before them, and any of 
them, upon Mr. Line's confidence, doubt of it; 1 promiſe, when. 
1 ſhall have the happineſs. to be at any more of their aſſemblies, 
upon the leaſt hint, to ſhew them the trial of it; and I hope J 
fhall not be troubleſome, becauſe it may be tried, though not ſo 


more time than half a quarter of an hour; although, if Mi. 


Were, than I ſhall have an opportunity to be among them. 


2 „ HR OMY. OF ©: 
jecture, but from one end to the other; and the length of the 
figure being not parallel, but tranſverſe to the axis of the priſm. 
After this manner I uſed to try the experiment: and it will not 


the hole; or ſo near at leaſt, that all the ſun's light, that comes 


When Mr. 2 has tried ds T. ca with * en proeeel 


For when he has tried them (which, by his denying them, I 


Three or four days after you gave me a acht of Mr. Line's ſe- 


H. a member of the Royal Society, came in; and F ſhewed it to 


lours, as having tried. them himſelf: and when you read Mr. 
Line's letter at a meeting of the ſaid Society, and was pleaſed to. 


perfectly, even without darkening a room, or the expence of any 


Tine perſiſt in his denial of it, I could wiſh it might be tried ſooner 


have 
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I have. returned you Mr. Linès letter. It came to my hands 
but this week; the gentleman by whom you ſent it having not- 
yet been at Cambridge, but tranſmitting it to me from Oxford. 

I had {ome thoughts of writing a further diſcourſe about co- 
Jours to be read at one of your Aſſemblies; but find it yet againſt 
the grain, to put pen to paper any more on that ſubject. But 
however, I have one diſcourſe by me of that ſubject, written 
when! ſent my firſt letters to you about colours, and of which L 

then gave you notice. This you may command, when you think 
it will be convenient, if the cuſtom of reading weekly 2 
fill continue, In the mean while, I am, &c. 


To Mr. OLD E NB UR G. 
S1R, Jan. 10, 1678. 
CONCERNING the experiment of the glaſs and papers, I Direttions 
ſhould add theſe two to the former directions. One, that the 3 
glaſs be rubbed with a full handful of ſtuff, which may cover Heerich. 
and rub all the glaſs at once: for thus its electric virtue will be 
more eaſily and vigorouſly excited, than if rubbed with a little 
only, doubled up but once or twice. This rubbing with the ſtuff, 
I ſuppoſe, rarifies and diffuſes the electric efiuvia from the glaſs 
into the air; and the knocking or rubbing. with the finger-ends 
puts the diffuſed MHuvia into irregular motions. The other thing 
I would note is, that the papers may perhaps be too little, as well 
as too great. Too ſmall ones will be apter to ſtick to the glaſs or 
table, If the experiment be tried with a glaſs three or four 
inches broad, ſet about + of an inch from the table, and the pa- 
pers of a thin ſort of Paper cut into triangular pieces, the ſides 
of thoſe triangles may not unfitly be about the 2oth or 25th part 
of an inch, more or leſs. It may be beſt tried with bits of ſe- 
veral ſizes put in at once; and if there be put in a piece or two 
of the wing of a fly, thoſe, I find, will move more eaſily, though 
ſcarce ſo variouſly. Theſe and the former directions obſerved, 
I cannot imagine how you ſhould miſs ; though I cannot promiſe 
& £2 2 all 
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alt things will appear juſtly to you as they do to me, there being 
unaccountable circumſtances, which may make a difference. 
Reply to inf I am obliged to you, Sir, for your candour, in acquainting 
Mr. Hook's, me with Mr. Hoo#s inſinuations. It is but a reaſonable piece of 
jiuſtice, I ſhould have an opportunity to vindicate myſelf from 
what may be undeſervedly caſt on me; and therefore, fince you 
have been pleaſed to be my repreſentative there, and I have no 
means of knowing what is done but by you, I hope you will 
eontinue that equitable candour ; though I think the preſent bu- 
fineſs of no great moment as to me, not imagining- that the Royal 
Society are to be impoſed on in a thing ſo plain, or that Mr. Hof 
himſelf wilt perſiſt m a miſtake, when he hears the difference 
ſtated. The only thing I ſaid he could pretend taken from his 
hypotheſis, was the diſpoſition of ether to vibrate; and yet 
whilſt he graſps at all, he is likely to fall ſhort of this too. That 
#thereal vibrations are light, is his; but that æther may vibrate 
(hich is all, I ſuppoſe): is to be had from a higher fountain: for 
that æther is a finer degree of air, and air a vibrating medium, 
are old notions, and the principles I go upon. I defire Mr. Hook 
to ſhew me, therefore, I ſay not only the ſum of the hypotheſis 
IJ wrote, which is his inſinuation, but only part of it taken out 
of his Micrographia ; but then I. expect too, that he inſtance in 
what is his own. It is moſt likely he will pretend, I had from 
him the application of vibrations to the fohation of the phæno- 
mena of thin plates: and yet all the uſe I make of vibrations, 
is, to ſtrengthen or weaken the reflecting power of the æthereal 
A1uperficies ; which is fo far from being in his Mierograpbia, that 
the laſt ſpring, when I told him of the reflecting power of the 
_ *thereal-ſuperficies, he took it for a new notion; having till then. 
ſuppoſed light to be reflected by the parts of groſs bodies. To: 
the things that he has from Des Cartes, pray add this, 7hat Ib 
parts of ſolid bodies have a vibrating motion, leaſt he ſhould ſay 
L had from him what I ſay about heat. And his having from. 
Des Cartes the reduction of all colours to-two, you may, if need: 
be, explain further for me thus. That as Des Cartes puts ever) 
globulus to be urged forward on.one ſide by the illuminated me- 
5 dium, and impeded on the other by the dark one; ſo Mr. Hook 
| puts 
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puts every vibration to be promoted at one end, and retarded at 


the other by thoſe mediums; and thence both alike derive two 
modifications of light, on the two fides of the refracted beam, for 


the production of all colours, 


By Mr. Gaſcoins letter, one might ſuſpeci chat Mr. Linus tried Direons 


the experiment ſome other way than I did; and therefore I ſhall proper wa- 
nagement o 


expect, till his friends have tried it according to my late diſcove- te priim, in 
ries: in which trial it may poſſibly be a further guidance to them N * 
to acquaint them, that the priſin caſts from it ſeveral images. 
One is that oblong one of colours which I mean, and this is made 


by two refractions only. Another there is, made by two refrac- 


tions and an intervening reflexion; and this is round and colour 
leſs, if the angles of the priſm be exactly equal; but if the an- 


les at the reflecting baſe be not equal, it will be coloured; and: 
that ſo much the more, by how much unequaller the angles are; 
but yet not much unround, unleſs the angles be very unequal. 
A third image there is made by one ſimple reflexion; and this is 


always round and colourleſs. The only danger is in miſtaking, 


the ſecond for the firſt. But they are diſagreeable not only by 

the length and lively colours of the firſt, but by its different mo- 
tion too: for whilſt the priſin is turned continually the ſame way 

about its axis, the ſecond and third move ſwiftly, and go always 
on the ſame way till they diſappear; but the firſt moves ſlow ;. 
and grows continually ſlower, till it be ſtationary ; and then turns. 
back again, and goes back faſter and faſter, till it vanith in the 
place where it began to appeax. If without darkening their 
room, they held the priſm at their window in the ſun's open 
light; in ſuch a poſture, that its axis be perpendicular tothe ſun- 
beams; and then turn it about its axis, they cannot miſs of 


 keeing the ſirſt image: which having found, they may double 


uP-a paper once or twice, and make a round hole in the middle 
ok it about 3 or. 3 of an inch broad, and hold the paper imme 
diately * 1 ts priſm, that the fun may ſhine on the priſin 
through that hole; and the priſm being ſtayed and held ftea-- 


ay, in that poſture which makes the image ſtationary ;. if the 


image then fall directly on an oppoſite wall, or on a ſhect ot. 
Dapen placed at the wall, ſuppoſe 15 or 20 foot from the pritm, . 
ar 
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or further off, they will ſee that image in ſuch an oblong fi- 


gure as I have deſcribed, with the Red at one end, the Violet 
at the other, and a blueiſh Green in the middle; and if they 
obſcure their room as much as they can by drawing curtains or 
otherwiſe, it will make the colours the more conſpicuous. 
This direction 1 have ſet down, that no body, into whoſe hands 


a priſm thall happen, may find difficulty or trouble in trying it, 


But when Mr. Linus friends have tried it thus, they may pro- 
ceed to repeat it in a dark room, with a leſs hole made in their 
window-ſhut. And then I ſhall deſire, that they will fend you a 
full and clear deſcription how they tried it, expreſſing the length, 
breadth, and angles of the priſm; its poſition to the incident 
rays, and to the window-ſhut ; the bigneſs of the hole in that 
mut, through which the ſun ſhined on their priſm ; what ſide of 


the priſm the ſun ſhined on; and at what fide the light came 


out of it again; the diſtance of the priſm from the oppoſite pa- 
per or wall, on which the refracted light was caſt perpendicular- 
iy; and the length, breadth, and figure of the ſpace there illu- 
minated by that light; and the ſituation of each colour within 
that figure: and if they pleaſe to illuſtrate their deſcription with 


a ſcheme or two, it will make the buſineſs plainer. By this 


means, if there be any difference in our way of experimenting, 
I ſhall be the better enabled to diſcern it, and give them notice 
where the failure is, and how to rectify it. I ſhould be glad too, 
if they would favour me with a deſcription of the experiment, 


as it has been hitherto tried by Mr. Linus; that I may have an 
opportunity to conſider, what there is in that which makes againſt 2 


me. And becauſe Mr. Ga/coin ſeems to ſuſpect, that my direc- 
tions, ſent Mr. Linus, differ from what I have printed; I deſire 
alſo that he would ſignify wherein he thinks they may differ, 
fo as to need reconciling. Fuller they are, but not different, nor 
any other than I have followed above theſe ſeven years. 

As for my ſuſpicion, that Mr. Linus might poſſibly rely on old ex- 
periments; his quoting Sir Kene/m Digby for a by-ſtander, might 
have made any other ſtranger to his way, as well as me, ſuſpect it. 
But I wonder moſt at Mr. Gaſcoin's infinuation, as if 1 influenced 
the preſs in what concerns Mr. Linus and me. You know, Sir, 

| ] never 
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never ſpoke or hinted a ſyllable to you, concerning printing or 
not printing any thing of Mr. Linus; nor ſo much as knew of 
the printing his firſt letter, till it was out in the Tranſactions. 
When you ſent it to me, I, out of a great deſire to avoid contro- 
verſies (which, as you know, I had entertained long before) wrote 
back to you, that I had no mind to meddle with it: but, as I 
was ready to ſeal that letter, I added a poſtſcript to this purpoſe : 
That ſeeing Mr. Linus was deſigning ſomething about light for 
the preſs, to prevent publiſhing his miſtake, you might, if you 
thought fit, ſignify to him (but not from me) that the experiment 
was tried otherwiſe than he ſuggeſted; and that in ſuch and ſuch. 
reſpects, which E there named. And the ſubſtance of this poſt- 
ſcript was that you publiſhed at the end of his firit letter, on 


deſigned for the preſs. by me, that the firſt fight of it, together 
with his letter in the Tranſactions, . made me ſay to one, that I 
wiſhed they had been ſuppreſſed; for I doubted the printing them. 
would make Mr. Linus unquiet, and ſo in the end create me trou- 
ble. As for his ſecond letter which you ſhewed me at London,, 
I returned it again to you ſo. ſoon as I had read it, and never ſaw 
it fince, perſiſting. in my deſire to avoid the controverſy. And 
at my returning it, you moved me for an anſwer, with this argu- 


fact, was not proper to be decided by writing, but by trying it 
before competent witneſſes. Whereupon, at your motion, I told 
you what was requiſite; and by your procurements, Preparations 
were accordingly made for its trial at the next aſſembly of the 
Royal Society, as I underſtood by Mr. Hook : but the day proved. 
cloudy, and before another afſembly I returned to Cambridge, 
and from that time never enquired after nor regarded the matter: 
further, till you ſent me Mr. Linuss third letter. This is the: 


have ſet down, that His friends may ſee he has not been dealt 
with obliquely, as they ſeem to apprehend. All, I think, that 
they can object to you is, that you were at a ſtand, becauſe you. 
UWuld not engage me in the controverſy; and to me, that! had no» 

| mind. 


which Mr. Gaſcoin here animadverts; but was ſo far from being 


ment, that if I waved-it, Mr. Linus was like to make the more 
ſur: to which I replied, that the buſineſs, being about matter of 


hiſtory of Mr. Linus's buſineſs, ſo far as I know it: which I. 
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mind to be engaged: a liberty every body has a right to, and 
may gladly make uſe of ſometimes at leaſt, and eſpecially if he 
want leiſure, or meet with prejudice or groundleſs inſinuations. 
But I hope to find none of this in Mr. Ga/com. The handſome 
genius of his preſent letter, makes me hope it for the future, 
n the mean time I deſire with him, that you would publiſh Mr, 
Linus letters as ſoon as you can conveniently, to 1 972 i@ther 
miſapprehenſions. 1 e. 


— 


XI. 
To Mr. OLD E NB UR G. 
81, 8 | | Pede 0% 
BY reading Mr. Linu#'s letter, when you ſhewed it to me at 
London, 1 retained only a general remembrance, that Mr. Linus 
denied what I affirmed, and fo could fay nothing 1 in particular to 
it. But having the opportunity to read it again in Numb. cxx1, 
of the Tranſactions, I perceive he would perſuade you, that the 
information you gave him about the experiment is as inconſiſtent 
with my printed letters, as with experience. And therefore, leſt 
any, who have not read thoſe letters, ſhould take my ſilence in this 
point for an acknowledgment, 1 thought it not amiſs to ſend you 
ſomething in anſwer to this alſo, 
He tells you, that “ whereas you affure him, F irſt, that the 
« experiment was made in clear days; ſecondly, that the priſm 
'« was placed cloſe to the hole, ſo that the light had no room to 
« diverge; and, thirdly, that the image was not parallel, but 
s tranſverſe to the axis of the priſm: if theſe aſſertions be com- 
&« pared with my relation of the experiment in the Phil. Tranſ. 
% Numb. Lxxx. p. 3076. it will evidently appear they cannot be 
« admitted, as being directly-contrary to what is there delivered.” 
His reaſons are theſe: 
Firſt, that I ſaid the ends of the long image ſeemed ſemicir- 
cular, which, ſays he, “never happens in any of the three cafes 
& above-ſaid.” But this is not to ſet me at odds with myſelf, but 


with the experiment. For it is there deſcribed to happen in them 
| all; 
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al; and I till ſay it doth gen: in them, Let others: try e the 


9 ” 
* 
8 " CEMENTED — — — 
— 1 — thence ain. — 2 
— 2 — — 7 r — — — — 
* * — ow — — canoe r % . Kd 2 =_ 3 
_ On n. 27% DOI ER 1; Tu — 
£ = _ . — is 4 _ — * 
P - — 8 rok 2 * — — — 
=_ by 4 > T5 _ — 
— \ — 2 . = — 
— - — : _ - — 
= — — 


a experiment, and judge. 

1 Further he ſays, that the volt is placed a at a diſtance from the 
, hole in the ſcheme of the experiment in Numb. LxxXx1v. p. 
e 4091 (®). But what if it were fo there? For that is the ſcheme of 
f a demonſtration, not of the experiment; and would have ſerved 
y for the demonſtration, had the diſtance been put twenty times 
r 


greater than it is, In the ſchemes of the experiment, Numb. Lx xx. 
p. 3086 (5), and Numb. LXXXIII. p. 4061 (*), it is repreſented 
cloſe, and cloſe enough the ſcheme, Numb. LXXxXIII. p. 4061 (). 
But Mr. Linus thought fit to wink at thoſe, and pitch upon the 
ſcheme of a demonſtration ; and ſuch a ſcheme too, as hath no 
hole at all repreſented in it. For the ſcheme, Numb. LX xxIV. p. 
4509 l, is this (). In which the rays are not ſo far diſtant from one 
- another at G, L; but that the hole, had I expreſſed it, might 
have been put there, and yet have comprehended them. But if 
we ſhould put the hole at x, their decuffation, yet it will not be 
any thing to his purpoſe ; the diftance xc, or xl, being but about 
half the breadth of a ſide of the priſm (+ ac); which I conceive 
is not a twentieth part of the diſtance requiſite in his conjecture. 
Thirdly, he ſays, that * more might be ſaid out of my rela- 
* tion to ſhew, that the image was not tranſverſe ; for if it had 
* been tranſverſe, I could not have been ſurprized (as I ſaid I 
_ © was) to ſee the length thereof ſo much exceed the breadth ; it 
* being a thing ſo obvious and eaſy to be explicated by the ordi- 
«nary rules of refraction.“ But, on the contrary, it may rather 
be ſaid, that if the image had been parallel, I could not have 
been , to ſee the length thereof ſo much exceed the 
breadth, it being a thing ſo extremely obvious, as not to need 
any explication. For who, that had but common ſenſe, and ſaw 
the whole priſm, or a good part of it illuminated, could not ex- 
pect that the light ſhould have the ſame long figure upon the 
wall, that it had when it came out of the priſm ? Mr. Linus, 
therefore, while he would ſtrengthen his argument, by repreſent- 
ing me well {killed in optics, does but overthrow it. But where 
lays, © I could not have been ſurprized at the length, had the 


image been zran/ver/e, it being a thing ſo obvious, and eaſy to 
0) See p. 308, lin. 20. (5) See p. 306, lin. 30, (<) See p. 312. 
Vor. IV. A a a | % be 
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« be explicated by the ordinary rules of refraction.“ Let any 
man take the experiment entire, as I have there delivered it, 
that is with this condition, that the refractions on both ſides the 


priſm were equal, and try if he can reconcile it with the ordinary 


rules of refraction. On the contrary, he may find the impoffi- 
bility of- ſuch a reconciliation demonſtrated, in my anſwer to P. 
Pardies, Num. LXXX1V. p. 4091 (). 

In the laſt place he objects, that my faying, in Num. Lxxx. p. 
3077 (*), that the incident refractions were, in the experiment, 
equal to the emergent, proves again that the long image was Pa- 
rallel. And yet that very ſaying is a ſufficient argument that I meant 
the contrary ; becauſe it becomes wholly impertinent, if applied 


to a parallel image; but in the other caſe is a very neceſſary cir- 


cumſtance. What is added, therefore, of P. Pardies, might have 
been ſpared ; eſpecially ſince that learned perſon underſtood my 
diſcourſe 'to be. meant of a tranſverſe image, and acquieſced in 
wy" anſwers! . | 

This in anſwer: to Mr. D letter. And now to take away 


| * like ſuſpicion from his friends, if my declaration of my mean- 


ing ſatisfy not; I ſhall note ſome further paſſages in my letters, 
whereby they may ſee how I was to be underſtood from the be- 


ginning, as to the aforeſaid circumſtances. 


For the day; I expreſs every where that the experiment was 
tried in the ſun's light; and in Num. LXxx. p. 3077 (*), that the 


breadth of the image by meaſure anſwered to the ſun's diameter. 
But becauſe it is pretended I was impofed upon ; I would aſk, 
what the experiment, as it is advanced to that which I called the 
experimentujn Crucis, can have to do with a cloudy day. For if 
the experimentum crucis, Which is that which I depend on, can 
have nothing to do with a cloudy day, then it is to no purpoſeto 


talk of a cloudy day in the firſt experiment, which does but lead 


on to that. But if this ſatisfy not, let the Tranſactions, in Num. 
LXXX111. p. 4060, be conſulted ((). For there I tell you, ho, 
by applying a lens to the priſm, the ſtreight edges of the oblong 
mage became diſtincter than they would have been without the 
ichs: a circumſtance which cannot happen in Mr. Linus caſe of 
a bright cloud. 


(*) SEC p. 309. 1 See p. 297. (©) See p. 297, lin. 4 and 5. () See p. 311; lin. 26-277. 


For 
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For the poſition of the priſm; I tell you, Nur. ILXXX. p. 
30760 Y, that it was placed at the ſun's' entrance into the chamber? 
and in page 308 5 (951 bad to make a hole in the ſhut, and there 
place the | priſm : and in the next page r ſay again, that the 


priſm ABC 1s to be ſet cloſe by the hole r of the windowEOG; 


and accordin gly repreſent it cloſe in the figure. Albin page 
3077 ) I tell you, that the diſtance of the image from the hole, 


or priſm, was 22 feet: which is as much as to ſay, that the 


priſm, ſuppoſe that ſide of it next the hole, was as far from the 


image as the hole itſelf was; and conſequently that the priſm 


and the hole were contiguous. Alſo in p. 3078 (0, where inſtead 
of the window-ſhut I made uſe of a hole in a looſe board, I tell 
you expreſsly, that I placed the board behind the Prall. All 
theſe paſſages are in my very firſt letter about colours. And 
who, therefore, would imagine, that any one, that had read that 
letter, ſhould fo much as ſuſpect, that I placed the priſm, I ſay 


not at ſo great a diſtance as Mr. Linus N but at my diſ- 


tance worth conſidering. 


Laſtly, for the poſition of the image, it is repreſented tranſyerſe 
to the axis of the priſmi in the figures N um. LXXX. p. 3086 (*), 


Num. LXXXIII. p. 4061 (), and Num. Lxxxv. p. 5016(®). And 


in Num. LXXXVIIT. p. $093 (), where 1 made uſe of two croſs 


priſms, I tell you expreſsly, that the image was croſs to both of 


them, at an angle of 45 degrees. The calculation alſo, Num. 


LXXX. p. 3057 (), are not to be underſtood without ſuppoſing 


the 1 image croſs. Nor are my notions about different refran gibility 


otherwiſe intelligible. For in Mr. Linus ſuppoſition, the rays 
that go to the two ends of the image are equally refracted. So 


for colours: The Red, according to my deſcription, falls at one 
end of the image; and the Blue, at the other; which cannot 


happen but in a tranſverſe Image. The ſame poſition i is alſo de- 


monſtrable from what I ſaid in Num. Lx xx. p. 3076 (9; about 
turning the long image into a round one, by the contrary re- 
fractionof a ſecond priſm, further explained in Num. LXXXIII. 
P. 4061 CO). For this is not to be done in Mr. Linus ſurmiſe 


(*) See p. 295, lin. 10. (*) See p. 306, lin. . () See p. 296, lin. 28. 
(") See p. 298, lin, 18. (©) See p. 306, lin. zo. (%) See p. 312, () See p. 31. 
( dee p. 330, lin. 29. (') See p. 296. (*) See p. 296, lin. 20. ) See p. 312. 
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cConſequently the image longer or ſhorter. 
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of a parallel. i TOY ; and therefore had Mr. * conf 
be. could never have run into that ſurmiſe. 6 
Ihis 1 ſuppoſe is enough to manifeſt the writ . 
any one of Which, being evidenced, is ſufficient to take away the 
ſcruple. And therefore Mr. Linuss friends need not fear, but 
that / the further directions I ſent them lately for trying the expe- 
riment, are the ſame with thoſe I have followed from the begin- 
ning; nor trouble themſelves about any: thing but to try the ex- 
periment right. 


directions; I ſhall not ſcraple here to reduce them into particu- 
lars, and ſhew where each particular is to be found. 
Firſt, then, he is to get a priſm with an angle about 60 or 65 de- 


grees (Num. Lx xX. p. 3077 (5), and p. 3086 (). If the angle be 


about 63 degrees, as that was which IL made uſe of (Num. Lxxx, 
p. 307 (*),) he will find all things ſucceed exactly as 1 deſcribed 
them there. But if it be bigger or leſs, as 30, 40, 50, or 70 
degrees, the refraction will be accordingly bigger or leſs; and 


nearly equilateral, ſuch as I ſuppoſe are uſually fold in other 
places as well as in England, he may make uſe of the biggeſt 
angle. But he muſt be ſure to place the priſm fo, that the refrac- 
tion be made by the two planes. which comprehend this angle. 
I.coukl almoſt ſuſpect, by conſidering ſome circumſtances in Mr. 
Linus's letter, that his error was in this point; he expecting the 
image ſhould become as long by a little refraction, as-by a great 
one; which yet being too groſs an error to be ſuſpected of any 
optician, I ſay nothing of it; but only hint this to Mr. aalen 
that he may examine all things. 


Secondly, having ſuch a priſm, he muſt lo it fo, that the 


axis be perpendicular to the rays (Num. LEXXIV. p. 4091, lin. 


18, 19(*).) A little error in this point make no fenſible varia- 
tion of the effect. 


Thirdly, the A muſt be 10 placed, that 5 eh on 


both ſides be equal (Num. LXXx. p. 3977 (),) which ſhew it was 


rr (*) See p. 306, lin. 3. (5) See p. 308, lin. 20—22- 
(*) See p. 296, lin, 33—35, 


But yet, becauſe Mr. Ga/coin has been pleaſed 
to inſinuate his ſuſpicion, that I do differ from himſelf in thoſe 


If his priſm be pretty 


to 


> 


to be readily done, by turning it-about Its axis, and PT it Wben 


you let the image reſt between two contrary motions, as 1 explain- 


ed in my late deſcriptions, ſo I hinted before (Num. LXXX. p. 
3077, lin. 34, 35, 36 C9} - If there 7 — bo an error in this 
point alſo, it can do no hurt. UFO I 

Fourthly, the diameter of the hole I Por 2 z of an 1 inch ( Nt ur 
XXX. p. 3077 (/) and placed the priſm cloſs to it, even ſo cloſe 
as to be contiguous (Num. Lx Xx. p. 3077, lin. 4, $(f).) But yet 
there needs no curioſity in theſe circumſtances. The hole may 
de of any other bigneſs, and the priſm at-a diſtance from the 
hole; provided things be ſo ordered, that the light appear of a 
round form,. if intercepted perpendicularly at its coming out of 
the priſm. Nor needs there any curioſity in the day. The 
clearer it is, the better; but if it be a little cloudy, that cannot 


much prejudice the e auge e 1 the fun do _ thine Ov" 


through'the cloud. 
Theſe things being thus ordeves; if the refracted light fall: 


perpendicularly on a wall or paper, at 20 feet or more from the 


priſm; it will appear in an oblong form, crofs to the axis of the 


priſm; Red at one end, and Violet at the other; the length five 
eſs, according to the quantity of the 
refraction; the ſides, ſtreight lines parallel to one another; and 


times the breadth, more or 


me ends confuſed, but yet ſeeming ſemicircular. ger 
1 hope, therefore, Mr. Linus” friends will: not entertain them- 


ſelves any further about incongruous ſurmiſes, but try the expe=-- 


riment, as Mr. Gaſcoin has promiſed, And then, ſince Mr. G4 
62 tells you, that the experiment being of itſelf. extraordina- 


ry and ſurprizing, and beſides uſhering in new principles into 
* optics, quite contrary tothe common and received; it will be 
* hard to perſuade it at a truth, till it made ſo viſible to all, as it 
* were a ſhame to deny it;“ if he eſteem it extraordinary, he 


may have the privilege of making it ſo vifible to all, that it will. 


be a ſhame to deny it. For I dare ſay, after his teſtimony, no- 


body elſe will ſcruple it. And I make no queſtion but he wilt 
hit of it, it being ſo plain and eaſy, that I am very much at a 
loſs to imagine what way Mr. Linus took to mils. 


00 See p. 297, lin. 20— 23. (*) See p. 290, lin. 29. (9 See p. 296, lin, 28. 
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as ©: 14 
"5 To Mr, OL ENB UN. 
Ss. 


THE things oppoſed by N. Mr. Line bite upon trials TIN true 
and granted me, I begin with the new queſtion about the pro- 
portion of the length of the image to its breadth. I call it a new 
one. For though Mr. Line in his laſt letter ſpake againſt ſo great 
a length, as J aſſign; yet, as it ſeems to me, it was not to grant 
any tranſverſe length ſhorter than that aſſigned by me (for in his 
firſt letter he abſolutely denied that there would be any ſuch 
length) but to lay the greater emphaſis upon his diſcourſe, whilſt 


in defence of common optics, he was diſputing in general againſt 


a tranſverſe image. And therefore, in my anſwer, I did not pre- 
ſcribe the juſt quantity of the refracting angle, with which ! 


would have the experiment repeated: which would have been a 


neceſſary circumſtance, had the diſpute been about the juſt pro- 


portion of the length to the breadth. Yet I added * this note, 
* In my firſt letter in Phil. that the bigger the angle of the priſm is, the 


greater will be the length in proportion to the 
breadth (); not imagining, but that when he had found in any 


Tranſ. Num. CXXI. p. $00. 


priſm the length of the image tranſverſe to the axis, he would ea- 
ſily thence conclude, that a priſm with a greater angle would make 
the image longer ; and conſequently, that by uſing an angle 
great enough, he might bring it to equal, or exceed the length 
aſſigned by me; as indeed he might: for, by taking an angle 
of 70 or 75 degrees, or a little greater, he might have made the 
length not only five, but fix or eight times the breadth, or more. 


No wonder, therefore, that Mr. Lucas found the image ſhorter 
than I did, ſeeing he tried the experiment with a leſs angle. 


The angle, indeed, which I uſed was but about 63 deg. 12 
min. and His 1s ſet to 60 degrees ; ; the difference of which from 


mine being but 3 deg. 12 min. is too little to reconcile us; but 


yet it will bring us conſiderably nearer together. And if this an- 
gle was not exactly meaſured, but the round number of 60 de- 
grees ſet down by gueſs, or by a leſs accurate meaſure (as! ſuſ- 

(*) See p. 353, lin. 30, 31 


pelt | 


LIGHT AND COLOURS, 

pect by the conjectural meaſure of the refraction of his priſm, 
dy the ratio of the ſines as 2 to 3, ſet down at the ſame time, 
inſtead of an experimental one), then might it be 2 or 3 degrees 
eſs than 60 deg. if not {till leſs : and all this, if it ſhould be fo, 
would take away the greateſt part of the difference between us. 

But however it be, I am well aſſured my own obſervation 
was exact enough. For I have repeated it divers times fince the 
receipt of Mr. Lucas's letter, and that without any conſiderable 
difference of my obſervations, either from one another, or from 
what I wrote before : and that it might appear experimentally, 
how the increaſe of the angle increaſes the length of the image, 
and alſo that nobody, who has a mind to try the experiment ex- 
actly, might be troubled to procure a priſm which has an angle 
juſt of the bigneſs aſſigned by me, I tried the experiment with 


ble; where the firſt column expreſſes the angles of two priſms 
which I uied, which are meaſured as exactly as I could, by ap- 
plying them to the angle of a ſector; and the ſecond column ex- 
prefſes, in inches, the length of the image made by each of thoſe 


18 feet and 4 inches, and the breadth of the hole in the window- 
ut; of an inch. 


Angles. Lengths. | Angles. Lengths. 

56˙ 10 | 77 f 

The firſt priſm 460. 2492 The ſecond priim {8 12. 104 
VT „ 


of the angles that made them, are ſomething greater in the ſe- 


power. | 
The days in which I made theſe trials were pretty clear, but 


a day as clear as I deſired, I repeated the experiment with the ſe- 
cond priſm, and found the lengths of the image made by its fe- 


meaſures being thoſe ſet down in the Table. SO 
ERA 


divers angles, and have ſet down my trials in the following Ta- 


angles; its breadth being two inches, its diſtance from the priſin* 


You may perceive, that the length of the images, in reſpect. 
cond priſm than in the firſt ; but that was becauſe the glaſs, of. 
which the ſecond. priſm was made, had the greater refractive: 


not ſo clear as I deſired; and therefore, afterwards meeting With 


veral angles, to be about + of an inch greater than before; the 
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Angles. Lengths. 
54 Sf „i 
The ſecond e 62 1210 

| | 63 48 [rr | 


The reaſon 1 this difference, I apprehend, was, that in the 


cleareſt days the light of the white ſkies, which dilutes and ren- 
ders inviſible the fainteſt colours at the ends of the image, is x 
little diminiſhed in a clear day, and ſo gives leave to the colours 
to appear to a great length; the ſun's light at the ſame time be- 
coming briſker, and ſo ſtrengthening the colours, and making 
the faint ones at the two ends more conſpicuous : for I have ob- 
ſerved, that in days ſomething cloudy, whilſt the priſm has ſtood 
unmoved at the window, the image would grow a little longer or 


a little ſhorter, accordingly as the ſun was more or leſs obſcured 


by thin clouds, which paſſed over it; the image being ſhorteſt 
while the cloud was brighteſt, and the ſun's light fainteſt. Whence 
it is eaſy to apprehend, that if the light of the clouds could be 
quite taken away, ſo that the ſun might appear ſurrounded with 


darkneſs, or if the ſun's light were much ſtronger than it is, the 


colours would ſtill appear to a greater length. 

In all theſe obſervations the breadth of the image was juſt two 
inches. But obſerving that the ſides of the two priſms I uſed 
were not exactly by but a little convex (the convexity being 
about ſo much as that of a double convex-glaſs of a fixteen or 
eighteen-foot teleſcope) I took a third priſm, whoſe ſides were 
as much concave as thoſe of the other were convex : and this 
made the breadth of the image to be two inches and a third part 
of an inch; the angles of this priſm, and the lengths of the 
image made by each of thoſe angles, being thoſe "Pur" in 
this Table. 


Angles. | Lengths. 


$9 } Bf 
59% | 9 
625 | 105 | 


In this caſe you ſee the concave figure of the fades of the 


priſm by making the rays diverge a little, cauſes the breadth of 
5 the 


LIGHT AND COEOURS. 

the image to be greater in proportion to its length than it would 
he otherwiſe. And this I thought fit to give you notice of, that 
Mr. Lucas may examine, whether his priſm hath: not this fault. 
If a priſm may be had with ſides exactly plain, it may do well to 
try the experiment with that; but it is better if the ſides be 
about ſo much convex as thoſe of mine are, becauſe the image 
will thereby become much better defined: for this convexity of 
the ſides does the ſame effect, as if you ſhould uſe a priſm with 
ſides exactly plain, and between it and the hole in the window- 
ſhut, place an object-glaſs of an 18 foot teleſcope, to make the 


the priſm is taken away, and conſequently the long image made 
by the priſm to be much more diſtinctly defined, eſpecially at its 
freight ſides, than it would be otherwiſe. | 

One thing more I ſhall add: That the utmoſt length of the 
image, from the fainteſt Red at one end, to the fainteſt Blue at 
the other, muſt be meaſured. For in my firſt letter about co- 
lours, where I fet down the length to be five times the breadth, 
I called that length the utmoſt length of the image; and I mea- 
tured the utmoſt length, becauſe I account all that length to be 
cauſed by the immediate light of the ſun ; ſeeing the colours, as 
I noted above, become viſible to the greateſt length in the cleareſt 
days, that is, when the light of the ſun tranſcends moſt the light 
of the clouds. Sometimes there will happen to ſhoot out from 
doth ends of the image a glaring light a good way beyond theſe 
colours; but this is not to be regarded, as not appertaining to the 
image. If the meaſures be taken right, the whole length will 
exceed the length of the ſtreight fides by about the breadth of 
the image, 

By theſe things ſet down thus circumſtantially, I preſume Mr. 
Lucas will be enabled to accord his trials of the experiment with 
mine ; ſo nearly at leaſt, that there ſhall not remain any very 
conſiderable difference between us. For if ſome little difference 
thould ſtill remain, that need not trouble us any further, ſeeing 
there may be many various circumſtances which may conduce to 
it; ſuch as are not only the different figures of priſms, but alſo 
the different refractive power of glaſſes, the different diameters 
Vol. IV, B b b of 


round image of the ſun appear diſtinctly defined on the wall, when 
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of the ſun at divers times of the year, and the little errors that 
may happen in meaſuring lines and angles, or in placing the priſm 
at the window; though, for my part, I took care to do theſe 
things as exactly as I could. However, Mr. Lucas may make 
ſure to find the image as long or longer than I have ſet down, if 
he take a priſm whoſe ſides are not hollow ground, but plain, or 
(which is better) a very little convex, and whole retracting angle 
1s as much greater than that I uſed, as that he hath hitherto tried 
it with is lefs; that is, whoſe angle is about 66 or 67 degrees, 
or, if he will, a little greater, 
Concerning Mr. Lucass other experiments, I am much obliged 

to him that he would take theſe things ſo far into conſideration, 
and be at ſo much pains for examining them; and I thank him 
ſo much the more, becauſe he is the firſt that hath ſent me an 
experimental examination of them. But yet it will conduce to 
his more ſpeedy and full ſatisfaction, if he a little change the 
method which he has propounded, and, inſtead of a multitude 
of things, try only the Experimentium Crucis for it is not num- 
ber of experiments, but weight to be regarded ; and where one 
will do, what need many? Had 1 thought more requiſite, ! 
could have added more. For before I wrote my firſt letter to 
you about colours; I had then taken much pains in trying ex- 
periments about them, and written a tractate on that ſubject ; 
wherein I had ſet down at large the principal of the experiments 
had tried: amongſt which there happened to be the principal 
of thoſe experiments which Mr. Lucas has now ſent me. And 
as for the experiments ſet down in my firſt letter to you, they 
were only ſuch as I thought convenient to ſelect out of that 
tractate. 
But ſuppoſe thoſe had been my whole ſtore; yet Mr. Lucas 
ſhould not have grounded his diſcourſe upon a ſuppoſition of any 
want of experiment, till he had examincd thoſe few. For if 
any of thoſe be demonſtrative, they will need no aſſiſtants, nor 
leave room for further diſputing about what they demonſtrate. : 
The main thing he goes about to examine 1s, the different re- 
frangibility of Light; and this I demonſtrated by the Experiment 


Crucis, Now if this demonſtration be good, there needs no fur- 
ther 
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ther examination of the thing; if not good, the fault of it is to 


he ſhewn : for the only way to examine a demonſtrated propoſi- 
tion is to examine the demonſtration. Let that experiment there- 
fore be determined in the firſt place, and that which it proves be 
acknowledged; and then, if Mr. Lucas wants my aſſiſtance to 
unfold the difficulties which he fancies to be in the experiments 
he has propounded, he ſhall freely have it. At preſent I ſhall 
ſay nothing in anſwer to his experimental diſcourſe, but this in 
general; T hat it has proceeded partly from ſome miſunderſtand- 
ing of what he writes againſt, and partly for want of due cau- 
tion in trying experiments; and that amongſt his experiments, 
there is one, which, when duly tried, is, next to the Experi- 
mentum Crucis, the moſt conſpicuous period, I know, for 


proving the different refrangibility of light, which he brings it 
to prove againſt, | 


By the poſtſcript of Mr. Lucas's Le, one not acquainted 
with what has paſſed, might think that he quotes the obſervation 
of the Royal Society againſt me; whereas the relation of their 


obſervation, which you ſent to Liege, contained nothing at all 


about the juſt proportion of the length of the image to its breadth 
according to the angle of the priſm, nor any thing more (ſo far 


as I can perceive by your laſt) than what was pertinent to the 


things then in diſpute, vis. that they found them ſucceed as I 
had affirmed. And therefore, ſince Mr. Lucas has found the 


ſame ſucceſs, I ſuppoſe, that when he exprefleth, That He much. 


rejoiced to fee the trials of the R. Society agree /o exactly with his, 
he meant only ſo far as his agreed with mine. 
And becauſe I am again upon this firſt experiment, I ſhall de- 
ſire that Mr. Lucas will repeat it with all the exactneſs and cau- 
tion that may be, regard being had to the information about it, 
ſet down in this letter. And then ] deſire to have the length and 
breadth of the image, with its diſtance from the priſm, ſet down 
exactly in feet and inches, and parts of an inch; that 1 may 
have an opportunity to conſider what relation its length and 
breadth have to the ſun's diameter. For I know that Mr. Lucas 
Obſervation cannot hold, where the refracting angle of the priſm 
is full 60 degrees, and the day is clear, and the full length of the 
B b b 2 colours 


371 


5 Mod 
—— - 1 1 * ah TINS * — ee . n ä — —— . 5 5 8 8 — —— 2 8 r 3 — ? 
— a " . yy ry —-— . 1 » 3 —_ — : N 7 * . = — — — c For N 1 * — * — 2 3 7 - 22 3 — — 
- " PR: - * » > — — — — = —_— — ” P * < ” 1 py $ * * * 20 KY 4 * — — — - i 4. — * . ve * — * SS — — — — —— —— Sn — * be —_ - — — — - — — — tl — — 1 — — — — — — Wy IA 2 4 2 
0 — 8 ans - * 1 1 * — — 1 Vanda nn woke elf Wl * a RE BNA - __ — = — - . 4 . qi DA - 8 ——— 2 - — — 05: — Dos - — 8 — ” — —— — at, * 
> K 4 N 4 ha Fl 4 e 2 . — * 4 — — — r 8 * 6— — — Aa 3 cy -- To ad — — —— — ons —— — — — — I — _= i . 23 — — : 5 N — " — 
— — — oo. EO ICS ES 0 yn EEC — ITS — 2 * - . 6 o=_ A — rae — 5 - —— r — Kt, - — 2 2 75 EO DP ENS LY - — — — — — — . — — — — Nh 5 = _ — — — — ey >= — . — — — Lice 2 — ws — - ————— _ 
Oe rl dpö8p . ̃⁵— —— — P . ] ee oor en rr en — — — — —— — ͤ— — — p — — — — . —— . ceey Sr ——_— — — TEE CET — hy R — — — — ' — — — P — — N —— — 
E — r — * — —— BY . — — —üUä6— . IGG — Cana ohy —— — 6. X ö ws = — 8 2 2 4 — 2 £ RS — —— — : a — : . = b I = Rants 5 ans . l - 
- 2 p — — ET 5. 4 : * — _ E — 08 N > * 8 — — = ple A m = 
— — — — — 2 —  — ——_ — — Ig — — EIT — — p = - n k - a - 
— — WOT 8 \ — — — - 2 8 — DE —— —— 2 _— i _ 8 S er” I — ENIX ; —_— . : — x _—_ Put 9 7 
ED — 2 3 GE I — (KS 67 CY - — — — of —. YT 1 ? Say _ — — = = — = : J = ” : __ 2 - * IE — = —_— — - —— N EEE ES 
= 2 7 — Fs — 2 neem 5 7 _ —— — - — — — 2 8 LS. © — —— — — 1 Y - - 2 ry — 3 * & 5 -_— =>? 7 — — — — — 2 * - = — — . : S - — — 8 n 
* - er — 233 9 2 2 — n — — —— — 7 r 2 - x — <4 = 5a b Y . oo a Spa. bn Ib — — a — IE. — * — 4 —_— — — p. c © — — — —— — — — L 3 =_— 3 = = I 8 by 
I: 5 COLE Roan uſe Oat I Xo —_—_—_ S- +; oo — ent 0 De -.. =x=- D a ee —— — fl . W = = < [hs 2 8 A — == — : - Ke. — ty — = RD man — ——— wavy _ - D A : I 5 — — — — 8 = fm ate ory > 
po — —ę— - — — — D - - 2 . 2 ORIEL PRESSE —  _ Do © 2 — * — — 1 * 5 E * — — I" IT . = = * — - — — 2 ** - - D E i» - 4 „ rr 
% 6 f 3 3— 5 1 ER = _— 


372 


THEORY OF, Sec. 
colours is meaſured, and the breadth of the image anſwers to the 
fan's diameter. And ſeeing I am well affured of che truth and 
exactneſs of my own obſervations, I ſhall be unwilling to be di- 
verted by any other experiments, to have a fair end made of this 
in the firſt Place. 


P. S. I had like to have forgotten to adviſe, that the Type. 
rimentum Crucis, and ſuch ethers as ſhall. be made for know. | 
ing the nature of colours, be made with priſms that refract ſo 
much, as to make the length of the image five times its 
breadth, and rather more than leſs ; for otherwiſe, experi- 
ments will not ſucceed ſo- POE with ws as they have 
done with me; 
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EXCITATION OF ELECTRICITY IN GL? 88. 


* 


EXTRACT FROM THE MINUTES. 


OF EM E 


kaYyaAL r 


Dec. q, 1675 


HE company taking particular notice, among other things, 


of an experiment mentioned in this hypotheſis, defired it 
might be tried, bis. That having laid upon a table a round 
piece of glaſs, about two inches broad, in a brais ring, ſo that the 
glaſs might be about one-third of an inch from the table, and 
the air between them incloſed on all ſides after the manner as if 
he had whelved a little ſieve upon the table: and then rubbing 


the glaſs britkly, till ſome little fragments of paper, laid on the 
table under the glaſs, began to be attracted, and move nimbly 


to and fro; after he had done rubbing the glaſs, the papers 
would continue a pretty while in various motions; ſometimes 
leaping up to the glaſs, and reſting there a-while; then leaping 


down and reſting there, and then leaping up and down again: 


and this ſometimes in lines ſeeming perpendicular to the table, 
lometimes in oblique ones; ſornetimes alſo leaping up in one 
ach, and'down in another, divers times together, without ſenſible 
reſting between; fometimes fkip in a ck from one part of the 
Slaſs to another, without touching the table; and ſometimes 
hang by a corner, and turn often about very nimbly, as if they 
had been carried about in the midſt of a whirldwind ; and be 
ctherwiſe variouſly moved, every paper with a divers motion. 


And upon ſliding his finger on the upper fide of the glaſs, though 


neither the claſs nor incloſed air below were moved thereby, yet 


would the papers, as they hung under the glaſs, receive ſome new 
motion, 


rennen 
motion, inclining this or that way, according as he moved his 
finger. 

The experiment he propoſes to be varied with a larger glag 
placed further from the table, and to make uſe of bits of leaf. 
gold inſtead of papers, eſteeming that this will ſucceed much 
better, ſo as perhaps to make the gold riſe and fall in ſpiral lines, 
or whirl for a time in the air, without touching the table of glaſ, 

Ordered, That this experiment be tried the next meeting, 


II. 
To Mr. O L DE N B UR G. 


0 | | Cambridge, 
SY R, | | Dec. 14, 8 


THE notice you gave me of the Royal Socicty's intending to 


tee the experiment of glaſs rubbed, to cauſe various motions in 


bits of paper underneath, put me upon recollecting myſelf 3 


little further about it. And then remembering, that if one edge 
of the braſs hoop was laid downward, the glaſs was as near again 
to the table, as it was when the other edge was laid downward; 
and that the papers played beſt when the glaſs was neareſt to the 
table; I began to ſuſpect, that I had ſet down a greater diſtance 
of the glaſs from the table, than I ſhould have done. For in ſet- 
ting down that experiment, I truſted to the idea I had of the 
bigneſs of the hoop; in which I might eaſily be miſtaken, ha- 
ing not ſeen it of a long time. And this ſuſpicion was increaſed 
by trying the experiment with an object-glaſs of a teleſcope placed 
about the third part of an inch from the table. For J could not 
ſee the papers play any thing near ſo well, as I had ſeen them 
formerly. Whereupon I looked for the old hoop with its glals; 
and at length found the hoop, the glaſs being gone. But by the 
hoop I perceived, that when one edge was turned down, the 
glaſs was almoſt the third part of an inch from the table: and 
hen the other edge was down, which made the papers play lo 
well, the glaſs was ſcarce the eighth part of an inch from the 
table. This I thought fit to ſignify to you, that if the expert” 
ment ſucceed not well at the diſtance I ſet down; it may be tried 


at 
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at a leſs diſtance, and that you may alter my paper, and write in 
it an eighth part of an inch, inſtead of + or ; of an inch. The 
bits of paper ought to be very little, and of thin paper ; perhaps 
little bits of the wings of a fly, or other light ſabſtances, may 
do better than paper. Some of the motions, as that of hanging 
by 2 corner, and twirling about, and that of leaping from one 
part of the glaſs to another without touching the table, happen 
but ſeldom 3 but it made me take the more notice of them. 


Pray preſent my humble ſervice to Mr. Boy/e when you ſee 


him, and thanks for the favour of the converſe I had with him 
at Spring. My conceit at trepanning the common ther, as he 
was pleaſed to expreſs it, makes me begin to have the better 
thoughts on, that he was pleaſed to entertain it with a ſmile. I 
am apt to think, that when he has a ſett of experiments to try 
in his air-pump, he will make that one to ſee how the compreſ- 
ſion or relaxation of a muſcle will ſhrink or ſwell, ſoften or harden, 
lengthen or ſhorten it. 

As for regiſtering the two diſcourſes, you may do it; ; only I 


deſire you would ſuſpend till my next letter, in which I intend 


to ſet down ſomething to be altered, and ſomething to be added 
in the hypotheſis, being in the mean while, Sir, 8c. 


} 
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II. 
Extract from me Minutes of the ROYAL SOCIETY. 


Dec. SY * 


MR. NEW TON. 8 experiment of glaſs rubbed to cauſe various 
motions in bits of paper underneath was tried, but ſucceeded not 
in theſe circumſtances with which it was tried. This trial was 
made upon the reading of a letter of his dated the 14th of Dec. 
1675, at Cambridge, wherein he gives ſome particular directions 
about the experiment. 

Ordered, That the Secretary ſhould write again to the ſaid Mr. 
Newton, and acquaint him with the want of ſucceſs of his expe- 
riment ; and deſire him, that he would ſend his own apparatus 


wherewith he had made it: as alſo to enquire whether he had 
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ſecured the papers, being moved I by: the air, thas might fore 
here ſteal in. | K 


"of IV. 1 5 
To Mr. O L DE NB U R = 


SIR, 
UPON your letter, I took another glass 4 inches broad and; 


of an inch n, of ſuch glaſs as teleſcopes are made of; and 


placed it a x part of an inch from the table. It was ſet in ſuch a 


piece of wood, as the object-glaſſes of teleſcopes uſe to be ſet: 


and the experiment ſucceeded well. After the rubbing was till, 
and all was ſtill, the motion of the papers would continue ſome- 
times while I counted a hundred; every paper leaping up about 
twenty times more or leſs, and down as often, I tried it alſo 


with two other glaſs that belong to a teleſcope, and it ſucceeded 


with both. And I make no queſtion but any glaſs will do, that 
ſhall be excited to electric virtue; as I think any may, If you 
have a mind to try any of theſe glaſſes, you may have them, But 
1 ſuppoſe, if you cannot make it do in other glaſs, you will fail in 
any I can ſend you. I am apt to ſuſpect the failure was in the 
manner of rubbing: for 1 have obſerved, that the rubbing va- 
riouſly, or with various things, alters the caſe. At one time! 


rubbed the aforeſaid great glaſs with a napkin, twice as much as 
1 uſed to do with my gown, and nothing would ſtir; and yet 


preſently rubbing it with ſomething elſe, the motions ſoon began, 
After the glaſs has been much rubbed too, the motions are not 
ſo laſting; and the next day I found the motions fainter and diff · 


culter to excite than the firſt. If the Society have a mind to at- 
tempt it any more, I can give no better advice than this: To 


take a new glaſs not yet rubbed (perhaps one of the old ones 
may do well enough after it has lain ſtill a while) and let this be 
rubbed, not with linen nor ſoft nappy woollen, but with ſtuff 
whoſe threads may rake the ſurface of the glaſs, ſuppoſe tame- 
rine or the like doubled up in the hand; and this with a briſk 
motion as may be, till 100 or 150 may be counted; the glaſs 
lying 
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the glaſs with the finger-ends half a ſcore times to and fro, or 


knock your finger-ends as often upon the glaſs : for this rubbing 


or knocking with your finger-ends, after the former rubbing, 
conduces moſt to excite the papers. If nothing ſtir yet, rub 


again with the cloth till 60 or 80 may be counted; and then rub 


or knock again with your fingers, and repeat this till the electric 
virtue of the glaſs be ſo far excited as to take up the papers; 
and then a very little rubbing or knocking now and then will 


revive the motions. In doing all this, let the rubbing be always 
done as nimbly as may be; and if the motion be circular like 
that of glaſs-grinders, it may be better. But if you cannot 

make it yet ſucceed, it muſt be let alone till I have ſome oppor- 


tunity of trying it before you. As for the ſuſpicion of the pa- 
per being moved by the air, I am ſecure from that: yet in the 
other of drawing the leaf-gold to above a foot diſtance, which I 


never went about to try myſelf till the laſt week, I ſuſpect the 


air might raiſe the gold, and then a ſmall attraction might deter- 
mine it towards the glaſs : for I could not make it ſucceed. 
As for Mr. Hoo#'s infinuation, that the ſum of the hypothe- 


fis I ſent you, had been delivered by him in his Micrography, I 


need not be much concerned at the liberty he takes in that kind. 
Yet becauſe you think it may be well, if I ſtate the difference 1 
take to be between them, I ſhall do it as briefly as I can; and 


that the rather, that I may avoid the ſavour of having done any 
thing unjuſtifiable or unhandſome towards Mr. Hook. But for 
this end, I muſt firſt, to fee what is his, caſt out what he has 


borrowed from Des Cartes, or others, vis. That there is an 


Ethereal medium: That light is the action of this medium: That 


this medium is leſs implicated in the parts of ſolid bodies, and 


ſo moves more freely in them, and tranſmits light more readily 
through them; and that after ſuch a manner as to accelerate the | 


rays in a certain proportion: That refraction ariſes from this acce- 
leration, and has fines proportional: That light is at firſt uniform: 


That colours are ſome diſturbance or modification of its rays by 


refraction, or reflexion: That the colours of a priſm are made 
by means of the quieſcent medium accelerating ſome motion of 
Ccc 2 the 


hing all the while over the papers. Then if nothing ſtir, rub 
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the rays on one ſide, - where Red appears, and retarding it on the 
other ſide, where Blue appears: and that there are but theſe two 
original colours or colour making modifications of light, which 
by their various degrees, or, as Mr. Hook calls it, dilutings, pro- 
duce all intermediate ones. This rejected, the remainder of his 
hypotheſis is, that he has changed Des Cartes preſſing or pro- 
greſſi ve motion of the medium to a vibrating one; the rotation 
of the globuli to the obliquation of the pulſes; and the accele. 
rating their rotation on the one hand, and retarding it on the 
other by the quieſcent medium, to produce colours, to the like 
action of the medium on the two ends of his pulfe for the ſame 
end. And having thus far modified his by the Carteſian hypo- 
theſis, he has extended it farther to explicate the phenomena of 
thin plates; and added another explication of the colours of na- 
tural bodies fluid and ſolid. 

This, I think, is in ſhort the ſum of his kypotheſis. Andin 
all this, I have nothing common with him, but the ſuppoſition 
that ether is a medium ſuſceptible of vibrations. Of which 
ſuppoſition I make a very different uſe : he ſuppoſing it light it- 
ſelf ; which I ſuppoſe it is not. This is as great a difference, as 
is between him and Des Cartes. But beſides this, the manner of 
refraction and reflexion, and the nature and production of co- 
lours in all caſes, which take up the body of my diſcourſe, I ex- 
plain very differently from him; and even in the colours of 
thin tranſparent ſubſtances, I explain every thing after a way ſo 
differing from him, that the experiments, I ground my diſcourſe 
on, deſtroy all he has ſaid about them. And the two main ex- 
periments, without which the manner of the production of thoſe 
colours is not to be found out, were not only unknown to him 
when he wrote his Micrography, but even laſt Spring ; as I un- 
derſiood in mentioning them to him. This therefore is the ſum 
of what is common to us; That ether may vibrate. And ſo if 
he thinks fit to uſe that notion of colours ariſing from the vari- 
ous bigneſs of pulſes, without which his hypotheſis will do no- 
thing, his will borrow as much from my anſwer to his objections, 


as that I fend you does from his Micrography. 
1 Bos But 
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But it may be, he means, that I have made uſe of his obſer- 
vations. And of ſome I did: as that of the inflexion of ravs, 
for which I quoted him: that of opacity ariſing from the in- 
ſterſtices of the parts of bodies, which I inſiſt not on: and that 
of plated bodies exhibiting colours; a phenomenon, for the no- 
tice of which I thank him. But he left me to find out and 
make ſuch experiments about it, as might inform me of the 
manner of the production of thoſe colours to ground an hypo- 
theſis on: he having given no farther inſight into it than this, 
that the colour depended on ſome certain thickneſs of the plate. 
Though what that thickneſs was at every colour, he confeſſes in 
his Micrography he had attempted in vain to learn. And there- 
fore ſeeing I was left to meaſure it myſelf, I ſuppoſe he will al- 
low me to make uſe of what I took the pains to find out. And 
this I hope may vindicate me from what Mr. Hook has been pleaſed 
to charge me with. 

dir, I doubt I have already troubled you with too large a let- 
ter, and ſo break off abruptly, yours, 8c. 


V. 
Extract from the Minutes of the ROYAL SOCIETY. 


Dec. 30, 1675. 
READ a leter of Mr. Newton's, a Dec. 21, 1675, in 
which he aſſures, that the experiment had been repeated by him 
again with good ſucceſs, and gives yet further directions for the 
making of it ſucceſsfully. 

Ordered, That theſe directions ſhould be obſerved at the next 
trial to be made at the next meeting of the Society. 


VI. 


Jan. I 3, 1678. 


MR. NEFTON'S experiment of glaſs rubbed to cauſe vari- 
ous motions in bits of paper underneath, being made according 


to his more particular directions, did ſucceed very well. The 
rubbing 


irre 
rubbing was made both with a ſcrubbing-bruſh made of ſhort 
hog's-briſtles, with a knife, the haft of a knife made with whale. 
bone, and with the nail of one's finger. It appeared, that touch. 
ing many parts at once with a hard and rough body, did produce 


the effect expected. 
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Copy of a Letter from SIR I. NEW TON 
TO THE 
Hon. MR. BOY L E. 
Ho. SIR, Feb. 28, 167 . 

HAVE ſo long deferred to ſend you my thoughts about the 

phyſical qualities we ſpoke of, that, did I not eſteem myſelf 
obliged by promiſe, I think I ſhould be aſhamed to ſend them at 
all. The truth is, my notions about things of this kind are ſo 
indigeſted, that I am not well ſatisfied myſelf in them; and 
what I am not ſatisfied in, I can ſcarce eſteem fit to be commu- 
nicated to others, eſpecially in natural philoſophy, where there 
is no end of fanſying. But becauſe I am indebted to you, and 
Yeſterday met with a friend, Mr. Maulyverer, who told me, he 
was going to London, and intended to give you the trouble of a 
viſit, I could not forbear to take the opportunity of conveying 
this to you by him. 

It being only an explication of qualities, which you deſire of 
me; I ſhall ſet down my apprehenſions in the form of ſuppoſi- 
FRA as follow. 

And, firſt, I ſuppoſe that there is s diffuſed through all places an 

=thereal Wee capable of contraction or dilatation, ſtrongly 
elaſtic; and, in a word, much like air in all ref; pects, but far 
more Cabtile. 


2. I ſuppoſe this Ether pervades all groſs bodies, but yet ſo 


33 to ſtand rarer in their pores than in free ſpaces; and ſo much 
Vol. IV. -& 6 the 
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alfo the cauſe of philtration, and of the rifing of water in ſmall 


ſtruums to pervade with violence the. pores of the bodies they 


diate ſpaces. And this may be the cauſe why light, in Grimald?s 


ff ul KK - 
the rarer, as their pores are leſs. And this I ſuppoſe (with others) 
to be the cauſe, why light, incident on thoſe bodies, is refraReq 
towards the perpendicular; why two well-poliſned metals coherc 
in a receiver exhauſted of air: why quick-filver ſtands ſometimes 
up to the top of a glaſs pipe, though much higher than 3o inches; 
and one of the main cauſes, why the parts of all bodies cohere . 


claſs pipes, above the ſurface of the ſtagnating water they are 
dipped into: for I ſuſpect the zther may ſtand rarer not only in 
the inſenſible pores of bodies, but even in the very ſenſible cavi- 
ties of thoſe pipes. And the ſame principle may cauſe men- 


diflolve ; the furrounding ther as wel as the atmoſphere preſ- 
ſing them together. | | 

3. I ſuppole the rarer Æther within bodies, and the denſer, 
without them, not to be terminated in a mathematical ſuperfi- 
cies, but to grow gradually into one another: the external æther 
beginning to grow rarer, and the internal to grow denſer, at 
ſome little diſtance from the ſuperficies of the body, and run- 
ning through all intermediate degrees of denſity in the interme- 


experiment, paſſing by the edge of a knife, or other opake body, 
is turned aſide, and as it were refracted; and by that refraction 
makes feveral colours. Let ABCD be a. 
denſe body, whether opake or tranſparent ; 
EVGH, the outſide of the uniform ther, 
which is within it; IKL, the inſide of the 
uniform æther, which is without it; and 
conceive the æther, which is between EFGH 
and IKLM, to run through all intermediate 
1 5 degrees of denſity, between that of the two 
uniform æthers on either ſide. This being ſuppoſed, the rays of 
the fun, $8, sk, which paſs by the edge of this body, between B 
and k, ought, in their paſſage through the unequally denſe 
ther there, to receive a ply from the denſer ether, which 15 
on that ſide towards K ; and that the more, by how much they 
Paſs nearer to the body; and thereby to be ſcattered through the 

ſpace 


TO MR. BOYLE. 


ſpace PQRST, as by experience they are found to be. Now the 
ſpace between the limits EFGH and IKL, I ſhall call the ſpace aaa 
the æther's graduated rarity. 


4. When two bodies, moving towards one another, come near 


together, I ſuppoſe the æther between them to grow rarer than 
hefore ; and the ſpaces of its graduated rarity to extend further 


from the ſuperficies of the bodies towards one another ; and this 
hy reaſon of the zther cannot move and play up and down ſo 
freely, in the ſtrait paſſage between the bodies, as it — be- 
fore they came ſo near together. 


% WO 100 ſpace of the wiher's 


; 3 i graduated rarity reach from the body 
: 1: ABCDEF, Only to the diſtance GHLMRs, 
N G[: when no other body is near it; yet may 
T RIS. N | it reach farther, as to IK, when another 


u body, NePq, approaches: and” as the 
other body approaches more and more, I 
ſuppoſe the æther between them will 


R 1 


8 eee R grow rarer and rarer. 


Theſe ſuppoſitions 1 have ſo deſcribed, as, if I thought the 
ſpaces of gradual æther had preciſe limits, as is expreſſed at IKLM, 
in the firſt figure, and cas, in the ſecond : for thus I thought 
] could better expreſs myſelf. But really, I do not think they 
have ſuch preciſe limits, but rather decay infenfibly ; and, in ſo 
decaying, extend to a much greater diſtance, than can cally be 
believed, or need be ſuppoſed. | 

G, Now from the fourth fappoſtion; -i it follows, that when 
two bodies, approaching one another, come fo near together as 
to make the æther between them begin to rarify ; they will be- 
gin to have a reluctance from being brought nearer together, and 
an endeavour to recede from one another: which reluctance and 
endeavour will increaſe as they come nearer together, becauſe 
thereby they cauſe the interjacent zther to rarify more and more: 
but at lei ngth, when they come ſo near together, that the excels 
of preflure of the external ether, which ſurrounds the bodies, 
above that of the rarified zther, which is between them, is ſo 


great, as to overcome the reluctance which the bodies have from 


Dad 2 being 


being brought together; then will that exceſs of prelfure dive 
them with violence together, and make them adhere ſtrongly to 


gether, that the ſpaces of the æther's graduated rarity begin to 


to return to its former natural ſtate of condenſation, will cauſe 
the bodies to have an endeavour of receding from one another. 
But, on the other hand, to counterpoiſe this endeavour, there 


ity of the ſurrounding zther, a compreſſure of the bodies to- 


_ conceive it is, chiefly, that a fly walks on water without wetting 


„ Ms. qrots 2 EI R 


one another, as was ſaid in the ſecond ſuppoſition. For inſtance, 
in the ſecond figure, when the bodies ED and NP are fo near 16. 


reach to one another, and meet in the line ix; the other be- 
tween them will have ſuffered much rarification, which rarifica. 
tion requires much force, that is, much preſſing of the bodies 
together: and the endeavour, which the æther between them his 


wil not yet be any exceſs of denſity of the æther which ſur- 
rounds the bodies, above that of the æther which is between 
them at the line ix. But if the bodies come nearer together, ſo 
as to make the æther in the mid-way- line, Ix, grow rarer than 
the ſurrounding æther; there will arife, from the exceſs of den- 


wards one another ; which, when by the nearer approach of the 
bodies, it becomes ſo great as to overcome the aforeſaid endea- 
vour the bodies have to recede from one other, they will then go 
towards one another, and adhere together. And, on the con- 
trary, if any power force them aſunder, to that diſtance where 
the endeavour to recede begins to overcome the: endeavour to ac- 
cede, they will again leap from one another. Now, hence ! 


her fect,” and conſequently without touching the water; that two 
poliſhed pieces of glaſs are not without preſſure brought to con- 
tact, no, not though the one be plain, the other a little convex; 
that the particles of duſt cannot by preſſing be made to cohere, 
as they would do, if they did but fully touch; that the particles 
of tinging ſubſtances, and ſalts diſſolved in water, do not of their 
own accord concrete and fall to the bottom, but diffuſe them- 
ſelves all over the liquor, and expand ſtill more, if you add more 
liquor to them: | Alſo, that the particles of vapours, exhalations, 
and air, do ſtand at a diſtance from ohe another, and endeavour | 


to recede from-one ae, as the preſſure of the incumbent 
| _ atmoſphere 


＋ N $pirfnt _ 
atmoſphere will-let them : for I conceive the confuſed maſs of 
vapours, air, and exhalations, which we call the atmoſphere, to 


he nothing elſe but the particles of all ſorts of bodies, of which 


the earth conſiſts, ſeparated from one another, and kept at a diſ- 
tance by the ſaid principle. 


From theſe principles, the actions of menſtruums upon bo- 


dies may be thus explained. Suppoſe any tinging body, as co- 
chineal or logwood, be put into water, ſo ſoon as the water ſinks 
into its pores, and wets on all ſides, any particle, which adheres 
to the body, only by the principle in ſecond ſuppoſition; it takes 
off, or at leaſt much diminiſhes the efficacy of that principle, to 
hold the particle to the body, becauſe it makes the æther on all 
ſides the particle to be of a more uniform denſity than before. 
And then the particle being ſhaken off by any little motion, floats 
in the water, and with many ſuch others, makes a tincture; 
which tincture will be of ſome lively colour, if the particles be 
all of the ſame ſize and denſity; otherwiſe of a dirty one. For 


the colours of all natural bodies whatever, ſeem to depend on no- 


thing but the various ſizes and denſities of their particles: as I 
think you have ſeen deſcribed. by me more at large in another pa- 
per. If the particles be very ſmall (as are thoſe of ſalts, vitri- 
ols, and gums) they are tranſparent; and. as they are ſuppoſed 
bigger and bigger, they put on. the ſecolours in order; Black, 
White, Yellow, Red; Violet, Blue, pale Green, Yellow, Orange, 
Red; Purple, Blue, Green, Yellow, Orange, Red, 8c. as is diſ- 


cerned by the colours, which appear at the ſeveral thickneſſes of 
very thin plates: of tranſparent bodies. Whence, to know the 


cauſes of the changes of colours, which are often made by the 
mixtures of ſeveral liquors, it is to be conſidered, how the parti- 


cles of any tincture may have their ſize or denſity. altered by the 


infuſion of another liquor. 


When any metal is put into common water, the water cannot 


enter into its pores to act on it and diſſolve it: not that water 


confiſts of too groſs parts for this purpoſe, but becauſe it is unt 


lociable to metal: for there is a certain ſecret principle in nature, 
by which liquors are ſociable to ſome things, and unſociable to 
others. Thus water will not mix with oil, but readily with. {pl- 


rit 
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rit of wine, or with ſalts; it ſinks alſo into wood, - which quick. 
-filver will not; but quick-ſilver ſinks into metals, which water Will 
not; ſo agua forts diflolves ſilver, not gold; agua regis gold, and 
not ſilver, 8c. But a liquor, which is of itſelf unſociable to a body, 
may, by the mixture of a convenient mediator, be made ſociable: 
ſo molten lead, which alone will not mix with copper, or with 74. 
guliis of mars, by the addition of tin, is made to mix with either: 
and water, by the mediation of ſaline ſpirits, will mix with me- 
tal. Now when any metal is put in water, impregnated With 
ſuch ſpirits as into agua fortis, aqua regis, ſbirit of vilriol, or the 
like; the particles of the ſpirits, as they in floating in the water 
ſtrike on the metal, will, by their ſociableneſs, enter into its 
pores, and gather round its outſide particles, and, by advantage 
of the continual trenzor the particles of the metal are in, hitth 
themſelves in by degrees between thoſe particles, and the body, 
and looſen them from it; and the water entering into the pores 
together with the. ſaline ſpirits, the particles of the metal will 
be thereby flill more looſed, ſo as by that motion the ſolution 
puts them into to be eaſily ſhaken off, and made to float in the 
water: the ſaline particles {till encompaſſing the metallic ones, 
| as a coat or ſhell does a kernell, after the man- 
ner expreſſed in the annexed figure; in which 
figure I have made the particles round, though 
they may be cubical, or of any other ſhape. 
„ If into a ſolution of metal, thus made, be 
poured a liquor abounding with particles, to 
-which the former ſaline particles are mere ſociable than to the 
particles of the metal (ſuppoſe with particles of ſalt of tartar); 
then, ſo ſoon as they ftrike on one another in the liquor, the ſa- 
line will adhere to thoſe particles more firmly than to the metal- 
line ones; and by degrees be wrought off from :thoſe, to enclotc 
theſe. Suppoſe 4, a metalline particle encloſed with ſaline ones 
of ſpirit of nitre; and x, a particle of ſalt of tartar contiguous 
to two of the particles of the ſpirit of nitre 4 and e and ſup- 
Poſe the particle x is impelled by any motion towards , ſo as 19 
roll about the particle c, till it touch the particle d; the particle 


0 adhering more firmly to E than to a, will be forced off from 
A. 
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4A. And by the ſame means the particle x, as 
Wee, it rolls about it, will tear off the reſt of the 
ſaline particles from à, one after another, till it 
has got them all, or almoſt all, about itſelf. 
/- And whenthe metallic particles are thus diveſted 
of the nitrous ones, which, as a mediator be- 
tween them and the water, held them floating 
in it; the alcalizate ones crouding for the room, 
the metallic ones took up before, will preſs 
theſe towards one another, and make them come 
more eaſily together: ſo that by the motion they continually 
have in the water, they ſhall be made to ſtrike on one another; 
and then, by means of the principle in the ſecond ſuppoſition, 


Seeg 


oO 


* 

4 they will cohere, and grow into cluſters, and fall down by their 
, weight to the bottom, which is called precipitation. 

hy In the ſolution of metals, when a particle is looſing from the 
I body, ſo ſoon as it. gets to that diſtance from it; where the prin- 
h ciple of receding, deſcribed in the 4th and 5th ſuppoſitions, be- 
e gins to vercome the principle of acceding, deſcribed in the ſe- 
IJ cond ſuppaſition the receding: of the particle will be thereby 
* accelerated, ſo that the particle ſhall, - as it were with violence, 
h leap from the body, and, putting the liquor into a briſk agita- 
h tation, beget and: promote that heat, we often find to be cauſed in 
T lolutions of metal. And if any particle happen to leap off thus 
"i from the body, bales it be ſurrounded with water, or to leap off 
10 vith that ſmartneſs as to get looſe from the water, the water, by 
Ie the principle, in the 4th and 5th ſuppoſitions, will be kept off 
. from the particle, and ſtand round about it like a ſpherical hol- 
1 low arch, not being able to come to a fall contact with it any 
l more. And ſeveral of theſe particles afterwards gathering into 
& a duſter, ſo as by the ſame principle to ſtand at a diſtance from 
es one another without any water between them, will compoſe a 
s bubble. Whence ! ſuppoſe it is, that, in briſk ſolutions, there 
p- usually happens an ebullition. 

to This is one way of” tranſmuting aſs compact ſubſtances into 


_ KTeal ones. Another way is by heat. For as fait as the mo- 


ton of heat can ſhake off the particles of water from the ſurface 
of 
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of it; thoſe- particles, by the ſaid principle, will float up and 
down in the air at a diſtance both from one another, and from 
the particles of air, and make that ſubſtance we call vapour. 
Thus I ſuppoſe it is, when the particles of a body are very ſmall, 


(as I ſuppoſe thoſe of water are) ſo that the action of heat alone 


may be ſufficient to ſhake them aſunder. But if the particles he 
much larger, they then require the greater force of diſſolving 
menſtruums to ſeparate them, unleſs by any means the particle; 
can be firſt broken into ſmaller ones. For the moſt fixed bo- 
dies, even gold itſelf, ſome have ſaid, will become volatile only 


by breaking their parts ſmaller. Thus may the volability, and 


fixedneſs of bodies, depend on the different ſizes of their parts. 
And on the ſame difference of ſize may depend the more or 
leſs permanency of aereal ſubſtances in their ſtate of rarification. 


To underſtand this, let us ſuppoſe Ago to be a large piece of 


any metal; EFGH, the limit of the interior uniform æther; and 
B, a "oF of the metal at the ſuperficies aB. If this part, or 
e particle B, be ſo little, that it reaches not to 
the limit E; at is plain that the æther, at 


particle were greater: for were it greater, 
its center would be further from the ſuper- 


the particle B therefore, the denſer the 


ther at its center; becauſe, its center comes nearer to the edge 


AB, Where the æther is denſer than within the limit EroH. And 


if the particle were divided from the body, and removed to a dil- 


tance from it, where the æther is ſtill denſer, the æther within 
it muſt proportionally grow denſer. If you conſider this, you 
may apprehend how, by diminiſhing the particle, the rarity of 
the æther within it will be diminiſhed, till between the denſity of 


the ether without, and the denſity of the ether within it, there 


be little difference; that is, till the cauſe be almoſt taken away 
which ſhould keep this, and other ſuch particles, at a diſtance 


from one another. For that cauſe, explained in the 4th and 5th 


5 6 1 uppoſitions, 


its center, muſt be leſs rare than if the 


- ficies AB; that is, in a place where the 
zther, by ſuppoſition, is rarer. The leſs 


der. 


ſuppoſitions, was the exceſs of denſity of the external æther 
above that of the internal. This may be the reaſon, then, why 
the ſmall particles of vapours eaſily come together, and are re- 
duced back into water; unleſs the heat, which keeps them in 


agitation, be ſo great as to diſſipate them as faſt as they come to- 


gether : but the groſſer particles of exhalations, raiſed by fer- 
mentation, keep their aereal form more obſtinately, becauſe the 


æther within them is rarer. 


Nor does the ſize only, but the denſity of the particles alſo, 
conduce to the permanency of aereal ſubſtances. For the exceſs 
of denſity of the æther without ſuch particles, above that of the 
#ther within them, is ſtill greater: which has made me ſome- 
times think, that the true permanent air may be of a metallic 
original: the particles of no ſubſtances being more denſe than 
thoſe of metals. This I think is alſo favoured by experience; 
for I remember 1 once read in the Philoſophical Tranſactions 
how Mr. Hugens, at Paris, found, that the air made by diſ- 
ſolving ſalt of tartar would, in two or three days time, condenſe 


and fall down again; but the air made by diſſolving a metal con- 


tinued without condenſing or relenting in the leaſt. If you con- 


der then how, by the continual fermentations made in the 


bowels of the earth, there are aereal ſubſtances raiſed out of all 
kinds of bodies; all which together make the atmoſphere, and 
that of all theſe, the metallic are the moſt permanent, you will 


not perhaps think it abſurd, that the moſt permanent part of the 
_ atmoſphere, which is the true air, ſhould be conſtituted of theſe : 


eſpecially ſince they are the heavieſt of all other, and ſo muſt 
ſubſide to the lower parts of the atmoſphere, and float upon the 


lurface of the earth, and buoy the lighter exhalation and vapours, 


to float in greateſt plenty above them. Thus, I ſay, it ought to 


be with the metallic exhalations, raiſed in the bowels of the earth 


by the action of acid menſtruums; and thus it is with the true 
permanent air : for this, as in reaſon it ought to be eſteemed 
the moſt ponderous part of the atmoſphere, becauſe the lowelt ; 


| 4 it betrays its ponderoſity, by making vapours aſcend readily in 


t; by ſuſtaining miſts and clouds of ſnow; and by buoying up 


ms and ponderous ſmoak. The air alſo is the moſt groſs, un- 
Vol. IV. E e e active 
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active part of the atmoſphere, affording living things no nou- 
riſhment, if deprived of the more tender exhalations and ſpirits 
that float in it; and what more unactive, or remote from nov. 
riſhment, in metallic bodies. | 

I ſhall ſet down one conjecture more, which came into my 
mind now as I was writing this letter: it is about the cauſe of 
gravity. For this end, I will ſuppoſe ether to conſiſt of parts 


differing from one another in ſubtilty by indefinite degrees: that 


in the pores of bodies, there is leſs of the groſſer æther in pro- 
portion to the finer, than in open ſpaces; and conſequently, that 
in the great body of the earth there is much leſs of the groſſer 
Ether, in proportion to the finer, than in the regions of the air: 
and that yet the groſſer æther in the air affects the upper regions 
of the earth, and the finer æther in the earth the lower regions 
of the air in ſuch a manner, that, from the top of the air to the 
ſurface of the earth, and again from the ſurface of the earth to 


the center thereof, the æther is inſenſibly finer and finer. Ima- 
gine, now, any body ſuſpended in the air, or lying on the earth; 


and the æther being, by the hypotheſis, groſſer in the pores 
which are in the upper parts of the body, than in thoſe which 
are in the lower parts; and that groſſer æther, being leſs apt to 
be lodged in thoſe pores, than the finer æther below; it will en- 
deavour to get out, and give way to the finer æther below, which 
cannot be, without the bodies deſcending to make room above 


for it to go out into. 


From this ſuppoſed gradual ſubtilty of the parts of the æther, | 


ſome things above might be further illuſtrated, and made more 


intelligible ; but by what has been faid, you will eaſily diſcern 


| whether, in theſe conjectures, there be any degree of probabi- 


lity; which is all I aim at. For my own part, I have ſo little 
fancy to things of this nature, that, had not your encourage- 
ment moved me to it, I ſhould never, I think, have thus far ſet 
pen to paper about them. What is amiſs, therefore, I hope . 
will the more eaſily pardon in'yours, &c. 
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A CIDORUM particule ſunt aqueis craſſiores, & propterea 
minus volatiles; at terreſtribus multo ſubtiliores, & prop- 
terea multo minus fixe. Vi magna attractiva pollent, & in hac 
vi confiftit earum activitas; qua & corpora diſſolvunt, & organa 
ſenſuum agitant & pungunt. Medic ſunt nature inter aquam 
& corpora, 8& utraque attrahunt. Per vim ſuam attractivam con- 
gregantur circum particulas cor porum, ſeu lapideas ſeu metallicas, 
üſque undique adhærent arctiſſimè, ut ab iiſdem deinceps per diſ- 
tillationem vel ſublimationem vix poſſint ſeparari; attractæ vero 
& undique congregatæ elevant disjungunt ac diſcutiunt particulas 
corporum ab invicem; id eſt, corpora diſſolvunt; & per vim attrac- 
tionis, qua ruunt in corpora, commovent fluidum, & calorem ex- 
citant; particulaſque nonnullas adeo diſcutiunt, ut in at᷑rem con- 
vertant, & bullulas generant. Et hc eſt ratio diſſolutionis & 
fermentationis violentæ. Acidum verò, attrahendo aquam æquè 
ac particulas corporum, efficit ut particulæ diſſolutæ prompte miſ- 
ceantur cum aqua, eique innatent ad modum ſalium. Et quemad- 
modum globus terr per vim gravitatis, attrahendo aquam fortiùs 
quam corpora leviora, efficit ut leviora. aſcendant in aqua & fugi- 
ant in terra; fic particulz ſalium, attrahendo aquam, fugant ſe 
mutuo, & ab invicem quam maxime recedendo, per aquam totam. 
expanduntur. 


Particulæ 


pinguia corporibus prope univerſis adhæreant, & flammam facile 


do particulas aliorum corporum, ſcilicet terreas, quam proprias, 
trefactionem compoſiti; quæ putrefactio ſita eſt in eo, quòd Aci i 


particulz fermentationem diu foventes, tandem in interſtitia mi- 


amovendam nec cum priore commutandam. 


duci poſſunt. 


WW 


_ Particulz ſalis Alkali ex terreis et acidis ſimiliter unitis conſtant: 
ſed he acidæ vi magna attractiva pollent, ut per 1gnem non ſepa- 
rentur à ſale, utque metalla diſſoluta præcipitent, attrahendo ah 
ipſis particulas acidas quibus diſſolvebantur. 

Si particulæ acidæ in minori proportione cum terreſtribus jun- 
gantur, tam arctè retinentur a terreſtribus, ut ab iis ſupprimi ac 
occultari videantur; neque enim ſenſum jam pungunt neque at. 
trahunt aquam; ſed corpora dulcia, & que cum aqua ægreè mi. 
centur, hoc eſt pinguia componunt : ut fit in Mercurio dulci, ſul. 
phure communi, Luna Cornea, & Cupro, quod Mercurius ſub- 
limatus corroſit. Ab acidi vero fic ſuppreſſi vi attractiva fit, ut 


concipiant; Hi modo acidum calefactum inveniat alias corporum 
in fumo accenſorum particulas, quas fortiùs attrahat quam pro. 
prias: ſed & acidum in ſulphureis ſuppreſſum, fortius attrahen- 


fermentationem brutam & naturalem ciet, & fovet, uſque ad pu- 


nima et partes primæ compoſitionis interjacentia ſeſe inſinuant, 
intimeque iis partibus unite mixtionem novam efficiunt, non 


Cogitationes variæ. 


Flamma eſt fumus candens, differtque a fumo, ut ferrum r ru- 
bens ab ignito ſed non rubente. | 
Calor eſt agitatio partium quaquaverſum. 
Nihil eſt abſolute quieſcens ſecundum partes ſuas, & ideo f fri- 
gidum, præœter atomos, vacui ſcilicet expertcs. 
Terra augetur aqua in eam converſa, et omnia in aquam It 


Natrum abit diſtillatione magnam partem in 8 acidum, 
relicta terra; quia acidum nitri attrahit phlegma, et idcirco ſimul 
aſcendunt, conttituuntque ſpiritum. At nitrum carbone accenſum 
magnam partem abit in Sal Tartari, quia ignis eo modo applica- 
tus partes acidi & terræ in ſe impingit, fortiuſque unit. | 

EEE. | | Spiritus 


ru- 


fri· 


tus 
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spiritus ardentes ſunt Oleac cum | Id per fermentationem, 
unita. | 

Tinctura Cochinellee, c cum WEEN Vini facta, in aquæ magnam 
molem immiſſa, parva licet doſi, totam tamen aquam inficit; ſci- 
licet quia particulæ Cochinellæ magis attrahuntur ab aqua, quam a 
ſe mutuo. 

Aqua non habet magnam vim diſſolvendi, quia pauco acido 
gaudet ; acidum enim dicimus, quod multum attrahit & attrahi- 
tur. Videmus nempe ea quæ in aqua ſolvuntur, lente & ſine 


efferveſcentia ſolvi; at ubi eſt attractio fortis, & particulæ men- 


ſtrui undique attrahuntur a particula metalli; vel potius par- 
ticula metalli undique attrahitur à particulis menſtrui, hæ illam 
abripiunt, & circumſiſtunt; hoc eſt, metallum corrodunt; he 
cedem particule ſenſorio applicatæ ejus partes eodem modo di- 
vellunt, doloremque inferunt. Acidæ appellantur relicta ſcilicet 
terra ſubtili cui adhærebant, ob * attractionem ad li- 
quidum lingue, &c. | 
In omni ſolatione per menſtruum, particulz ſolvendæ magis 
attrahuntur ? a partibus menſtrui quam a ſe mutuò. 

In omni fermentatione eſt acidum ſuppreſſum, quod coagulat 


præcipitando. 


Oleum, cum nimis magna: mole phlegmatis intimè mixtum, fit 
falinum quiddam, & fic acetum conſtituit; hic etiam Tartari, ſeu: 


terræ admiſtæ, habenda eſt ratio. 
Mercurius attrahitur, i. e. corroditur ab acidis; & ſicut pon- 


dere obſtructiones tollit, ita vi attractrice acida infringit. 
Mercurius eſt volatilis, & facilè elevatur calore; quia ejus parti- 
culæ ultimæ compoſitionis ſunt parvæ, & facilè ſeparantur, ſepa- 
ratæque ſeſe fugant ; ut fit in. particulis vaporis fluidorumque ra- 
refactorum. | 
Aqua comprimi non poteſt; quia ejus particulæ jamjam ſe tan- 
gunt: ut ſi ſe tangerent particulæ atris (comprimi aer poteſt quia: 
ipſius particulæ nondum ſe tangunt) aer evaderet in marmor. 
Sequitur ex Prop. XXIII. Lib. 2. Princip. Philoſ. 
Aurum particulas habet ſe mutuò trahentes; harum ſumma vo-. 
2 prime compoſitionis; harum ſummarum ſummæ, ſecun- 
E, &c. 


Poteſt 
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menſtruum alios illos pervadere, vel fi auri partes primæ & ſe- 


leabile. Si aurum fermenteſcere poſſet, in aliud quodvis corpus 


tium parvitate & ſic ſeparabilitate, intellige partes ultimæ com- 


ner, capiti ſuo mortuo redditum, fit tenax. 


5 qualibet acidi partium. s 
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Poteſt Mercurius, poteſt Aqua Regis poros pervadere, qui par. 
ticulas ultimæ compoſitionis interjacent, at non alios. Si poſſet 


cundæ compoſitionis poſſent ſeparari, fieret aurum fluidum & mal. 


poſſet transformari. 
Viſciditas eſt, vel ſolum defectus fluiditatis (quæ ſita eſt in par- 


poſitionis) vel defectus lubricitatis, ſeu lævoris, partes unas ſupra 
alias labi impediens. Hujus viſciditatis acidum ſæpe cauſa eſt, 
ſæpe ſpiritus alius lubricus terræ junctus; ut Oleum Terebinthi- 


Ratio cur charta oleo inuncta tranſitum oleo, non Aquæ, con- 
cedat, eſt, quia aqua Oleo non miſcetur, ſed fugatur ab eo. 
Acidum primigenium videtur conſtare particulis ſphæricis, hoc 
eſt ſummè attractivis; & particule he ſunt majores aquæ, & mi- 
nores terræ partibus, ſeu inter eas mediæ & utrarumque attrac- 
trices. 
Cùm acidæ partes, minores ſcilicet, aliquod diflolvunt, id faci- 
unt, quia partem rei ſolvendæ incor e W e majorem 
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GRADUUM CALORIS. 
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Colorum partes C 


Calorum Deſcriptiones et t Signa. 
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ary OR atris hyberni bi aqua incipit gelu ri- 
5 geſcere. Innoteſcit hic calor accuratè locan- 
do Thermometrum in nive compreſſa, quo tempore 
| ]gelu ſolvitur. 
Calores aëris hyberni. 
Calores aeris verni & autumnalis. 
Calores aëris æſtivi. | 
Calor uſitatus aëris meridiani circa menſem Julium. 
Calor maximus quem Thermometer ad contac- 
tum corporis humani concipit. Idem circiter eſt 
calor avis ova incubantis. 
Calor balnei propè maximus quem quis, manu 
immerſa & conſtanter agitata, diutiùs perferre po- 
teſt. Idem ferè eſt calor ſanguinis recens effuſi. 
Calor balnei maximus quem quis, manu immerſa 
& immobili manente, diutiùs perferre poteſt. 
Calor balnei quo cera innatans & liquefacta de- 
fer veſcendo rigeſcit, & diaphaneitatem amittit. 
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2+ | Calor quo aqua ener ebullit; 
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2 * Calor balnei quo cera innatans incaleſcendo li- 


ueſcit, & in continuo fluxu ſine ebullitione con- 
ſervatur. ̃ 


2; | Calor odtaciies inter calores n cera a liqueſc, & 


aqua ebullit. 


& em 
uarum partium plumbi, trium partium ſtanni & 


juinque partium biſmuti deferveſcendo rigeſcit, In- 
cipit aqua ebullire calore partium 33, & calorem 
| [partinm pluſquam 34 ebulliendo vix concipit. Fer- 
rum verò deferveſcens calore partium 35 vel 36, 
[ubi aqua calida, & 37, ubi frigida in ipſum gutta- 
tim incidit, deſinit ebullitionem excitare. 
Calor minimus quo miſtura unius partis plumbi, 
¶quat uor partium ſtanni, & quinque partium biſmuti 
incaleſcendo liqueſcit, & in continuo o fluxu conſer- 
]vatur. 7 


+} 


3 | Calor minimus quo miſtura æqualium partium 
Hac miſtura calore 


fttanni & biſmuti liqueſcit. 
partium 47 deferveſcendo coagulatur. 

Calor quo miſtura duarum partium ſtanni, & uni- 
Jus partis biſmuti funditur, ut & miſtura trium par- 
tium ſtanni & duarum plumbi: ſed miſtura quin- 
que partium ſtanni & duarum partium biſmuti hoc 
alore deferveſcendo rigeſcit. 
æqualium partium ra & biſmuti. 


32 | Calor minimus quo miſtura unius partis biſmuti, 


& octo partium ſtanni funditur. Stannum per ſe 


[-alore partium7 o. 
33 | Calor quo biſmutum 38 ut & miſtura qua- 


977 & deferveſcendo rigeſcit calore cats 95. 
Cualor 


Et idem facit miſtura . 


Ifunditur calore partium 7 2, & deferveſcendo rigeſcit 


tuor partium plumbi, & unius partis ſtanni. Sed 
miſtura quinque partium plumbi, & unius partis 
ſtanni, ubi fuſa eſt & deferveſcit, in hoc calore rigeſcit. 
14 Calor minimus quo plumbum funditur. Plum- 
burma incaleſcendo funditur calore partium 96 vel 


II 


G A L OR U M. 
| 43 | Calorquo corpora ignita, deferveſcendo, penitus 
| eſinunt in tenebris nocturnis lucere} & viciſfim, 
incaleſcendo, incipiunt in iifdem-tenebtis lucere, ſed 
luce tenuiſſimà que ſentiri vix poſſit. Hoc calore 
lliqueſcit miſtura æqualium partium ſtanni reguli 
mmartis; & miſtura ſeptem partium- biſmuti & qua- 
ſtuor partium ejuſdem Reguli deferveſcendo rigeſcit. 
41 Calor quo corpora ignita in tenebris nocturnis 
__  candent; in crepuſculo vero neutiquam. Hoc ca- 
lire tum miſtura duarum partium reguli martis & 
ſunius partis biſmuti, tum etiam miſtura quinque 
__  |partium reguli martis & unius partis ſtanni defer- 
jyveſcendo rigeſcit. — par ſe rigeſcit calore par- 
mT at tium 146. M iin n le 7 5 0 
161 [41 Calor quo corpora ignita in crepuſculo, dne 
gante ortum ſolis, vel poſt occaſum ejus, manifeſto 
| candent; in clarà verò diei luce ne aut non 
b nt me perobſcure. 6513s] „ 
192 5 {| . Calor prunarum in igne parvo n ex Lt 
be foſſilibus bituminoſis conſtructo, & abſque uſu 
I ffollium ardente. Idem eft calor ferri, in tali igne 
gauantum poteſt candentis. Ignis parvi culinaris, 
qui ex lignis conſtat, calor paulo major eſt; nempe 
partium 200 vel 210. Et ignis magni major ad- 
hhuc eſt calor; præſertim fi follibus cieatur. 

* nujus Tabulz column prima habentur gradus caloris in 
proportione arithmetica; computum inchoando a calore, quo aqua 
incipit gelu rigeſcere, tanquam ab infimo caloris gradu, {qu com- 
muni termino caloris & frigoris; & ponendo calorem externum 
corporis humani eſſe partium duodecim. In ſecunda cplumnä 
habentur gradus caloris in ratione geometrica; fic ut ſecundus 
gradus fit duplo major primo, tertius item ſecundo, & quartus 
tertio, & primus ſit calor externus corporis humani ſenſibus æ- 
quatus. Patet autem per hanc Tabulam, quod calor aquze bulli- 
entis ſit ferè triplo major quam calor corporis humani:z & quꝰd 
calor ſtanni liqueſcentis fit ſextuplo major, & calor ꝓlumbi liqueſ- 
centis octuplo major, & calor Reguli liqueſcentis dugdecuplo ma- 
1 | | jor, 
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| jor, . calor ordinarius ignis culinaris wenn vel fepterndetin 
vicibus major, quam calor idem corporis humani. 

JConſtructa fuit hc Tabula ope Tliermometri & Ferri canden- 

tis. Per Thermometrum inveni menſuram calorum omnium uſ. 

que ad calorem quo ſtannum funditur, & per ferrum calefactum 

inveni menſuram reliquorum. Nam calor quem ferrum cale- 

factum cor poribus frigidis ſibi contiguis dato tempore communi. 

cat, hoc eſt, calor quem ferrum dato tempore amittit, eſt ut 

calor totus ferri. Ideoque ſi tempora refrigerii Wine qua- 

lia, calores erunt in ratione geometrica, & ne per tabulam 

logarithmorum facile inveniri poſſunt. 

Primùm igitur per Thermometrum, ex oleo lini conſtructum, 

inveni, quod fi oleum, ubi Thermometer in nive liqueſcente lo- 

cabatur, occupabat ſpatium partium 10000; idem oleum, calore 

Primi gradiis ſeu corporis humani rarefactum, occupabat ſpatium 

10256; & calore aquæ jamjam ebullire incipientis, ſpatium! 0705; 

& calore aquæ vehementer ebullientis, ſpatium 10725; & calore 

ſtanni liquefacti deferveſcentis, ubi incipit rigeſcere, & conſiſtentiam 

amalgamatis induere, ſpatium 11516; & ubi omnino rigeſcit, 

ſpatium 11496. Igitur oleum rarefactum fuit ad dilatatum in 

Tatione 40 ad 39, per calorem corporis humani; in ratione. 15 ad 

14, per calorem aquæ bullientis; in ratione 15 ad 13, per calo- 

rem ſtanni deferveſcentis, ubi incipit coagulari & rigeſcere; & in ra- 

tione 23 ad 20, per calorem quo ſtannum deferveſcens omnino 

; rigeſcit. Rarefactio atris zquali calore fuit decuplo major quam 

rarefactio olei; & rarefactio olei quaſi quindecim vicibus major 

quam rarefactio ſpirittis vini. Et ex his inventis, ponendo calores 

olei ipſius rarefactioni proportionales, & pro 'calore corporis hu- 

mani ſcribendo partes 12, prodiit calor aquæ ubi incipit ebullire, 

partium 33; & ubi vehementiùs ebullit, partium 34; & calor 

ſtanni, ubi vel liqueſcit, vel deferveſcendo incipit rigeſcere, & con- 

ſiſtentiam amalgamatis induefe, prodiit partium 72; N ubi de- 

ferveſcendo rigeſcit, & induratur, partium 70. 

His cognitis, ut reliqua inveſtigarem, calefeci ferrum ſatis craſ- 

ſum, donec ſatis canderet; & ex igne cum forcipe etiam candente 

exemptum locavi ſtatim in loco frigido, ubi ventus conſtanter ſpi- 


rabat; & huic imponendo particulas diverſorum metallorum, 2 
8 aliorum 
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aliorum corporum liquabilium, notavi tempora refrigerii; donec 
particulæ omnes, amiſſa fluiditate, rigeſcerent, & calor ferri æ- 
quaretur calori corporis humani. Deinde ponendo quod exceſſus 


calorum ferri & particularum rigeſcentium ſupra calorem atmoſ- 


pherz, Thermometro inventum, effent in progreſſione geometricà, 
ubi tempora ſunt in progreſſione arithmetica, calores omnes in- 

notuere. Locavi autem ferrum, non in atre tranquillo, ſed in 

vento. uniformiter- ſpirante; ; ut ar à ferro calefactus ſemper abri-- 


peretur à vento, & ater frigidus in locum ejus uniformi cum motu 


ſuccederet. Sic enim aëris partes æquales æqualibus temporibus. 
calefactæ ſunt, & calorem conceperunt calori ferri proportionalem. 


Calores autem fic ifiventi eandem habuerunt rationem inter ſe 


cum calotibus per Thermometrum inventis; & propterea rarefac- 
tiones olei ipſius caloribus 3 efle rectè aſſumpſimus. 
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PRANOBILE VIRO 
D. CAR OL O MONTAGUE 
Armig. Scacarii Cancellari, & Societatis Regie Præſidi. 


| Tan, 30, 1695. 
Accepi, Vir Ampliſſime, heſterno die duo Problematum, à 
JoHANNE BERN OULLIO Mathematicorum acutiſſimo propoſitorum, 

exemplaria, . edita 1 in hæc verba 


Acutiſſimis qui toto Orbe florent Mathematicis S. P. D. 


JOHANNES BERNOULLI, Mars. P. P. 


( UM compertum habeamus, vix quicquam ee, quod magis ex- 
citet generoſa ingenia ad moliendum quod conducit augendis 
ſcientiis, quam difficilium pariter & utilium quaſtionium propoſitio- 
nem; quarum enodatione, tanguam ſingulari, ſiqud alid vid, ad 
nominis Claritatem perveniant ſibique apud pofteritatem aterna 
exiruant manumenta : fic me nihil gratius orbi mathematico- factu- 
G gg 2 Tun 
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rum ſperavi, quam fi, imitando exemplum tantorum virorum, Mys. 
SENNI, PAScALII, FERMATI1, præſertim recentis illius anonymi 
ænigmatiſiæ Florentini *, allorumque Jui idem ante me fecerunt, 
praftantiſſimis hujus avi rang Mis proponerem aliquod Problema, quo, 
quaſi lapide Lydio, ſuas methodos examinare, vires in zeudere, & 
i quid invenirent, nobiſcum communicare poſſent ; ut quiſque ſua; 
exinde promeritas laudes d nobis, publice id profitentibus, conſeque- 
retur. 
Fadtum autem ud eft ante ſemæſire in Actis Lipſ. m. Jun, pay, 
269, ubi tale problema propoſui, cujus utililatem cum jucunditate 
conjundlum videbunt omnes, qui cum ſucceſſu ei ſe applicabunt 
Sex menſium ſpatium d primd publicationis die Geometris conceſſum 
e, intra quod, ſi nulla ſolutio prodiret in lucem, me meam exhi- 
biturum promiſi. Sed ecce elapſus eft terminus, & nibil ſolutionis 
comparuit ; ; niſi quod Celeb, LEIBNITIUs, de profundiore geometrig 
præclarè meritus, me per litteras certiorem fecerit, ſe jam feliciter 
difoloige nodum pulcherrimi bujus, uti vocabat, & inauditi antea 
problematis ; inſimulgue humaniter rogavit, ut præſtitutum limitem 
ad proximum paſcha extend! paterer ; quo interea apud Gallos, Ha- 
loſque, idem illud publicari paſſet, nulluſque adeo ſupereſet locus ulli 
de anguſtid termini querel. 9uam honeflam petitionem non ſi- 
lum indulſi, ſed ipſe banc prorogationem promulgare decrevi ; viſu- 
rus num qui fint, qui nobilem hanc & arduam quæſtionem aggreſ- 
ſuri, poſt longum temporis mtervallum, tandem enodationis compotes 
ferent. Iliorum interim in gratiam, ad quorum manus Acta Lip- 
ſienſia non perveniunt, propoſitionem hic repeto. 


»D 


* Vincentius VIVIAN ann. 1692. ænigma geometricum propoſuit, de miro opificio Teſtudinis 
quadrabilis hemiſphericz ; videantur Aa Eruditorum hujus anni, menſe Junio, pag. 274, Vel 
Vita VIvIAxI in Hiſt, Acad. Reg. Scient. Pariſ. ann. 1703, 
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BERNOUILLIAN A, 


PROB, I. 


peterminare lineam curvam data duo puncta, in diverſis ab ho- 


rizonte diſtantiis & non in eadem rectà verticali poſita, connec- 
tentem, ſuper qua mobile, propria gravitate decurrens & à 
ſuperioti puncto moveri incipiens, cane deſcendat ad rig 
tum inferius. | | 


Senſus problematis hic eft ex infinitis lineit, ane a0 illa data 
pundta conjungunt, vel ab uno ad alteram duct poſſunt, eligatur illa, 


juxta quam fi incurvetur lamina tubi canaliſue formam habens, 


ut ip/i impoſitus globulus & liberè dimiſus, iter ſuum ab uno Oey 
ad alterum emetiatur tempore breviſſimo. 

Ut vero omnem ambiguitatis anſam pracaveamus ; ſeire B. L. 
volumus, nos hic admittere GALILX1 Hypotbeſin, de cujus veri- 


tate, ſepoſitd refiſtentia, jam nemo eft ſaniorum geometrarum qui 
ambigat; velocitates ſcilicet acquiſitas gravium cadentium eſſe 


in ſubduplicatà ratione altitudine emenſarum : gquamquam alias 
naſtra ſokvendi methodus univerſaliter ad quamvis aliam hypo1heſin 


ſeſe extendat. 
Cum itaque nibil obſeuritati ſuperſit, obnix? FOgamus omnes & 


ſmgulos hujus avi geometras, accingant ſe prompte, tentent, diſcu- 


tant quicquid in extremo ſuarum methodorum receſſu abſconditum. 


tenent, Rapiat qui potæſt præmium, quod ſolutori PArauimus; ; non 
ſuidem auri, non argenti funmam, quo abjecta tantum & merce» 


naria conducuntur ingenia, a quibus ut nihil laudabile, fic nihil, 


quod [cientiis fructuoſum, expectamus ; ſed cum virtus fibi ipfi fit 
merces pulcherrima, atque gloria immenſum habeat calcar, offert- 
mus premium, quale convenit ingenui ſanguinis viro, conſertum ex 
bonore, laude, & plauſu; quibus magni nofiri Apollinis perſpicaci- 


tatem, publice & privatim, ſcriptis & didtis coronabimus, conde- 


corabimus, & celebrabimus. 

220d fi vero feſtum paſehatis preterierit, nemine deprebenſo, qui 
quefitum noſtrum ſolverit; nos qua ipſi invenimus publico non invi- 
debimus : incomparabilis enim LEIBNITIUS /olutiones lum ſua, 
tum noftram, ip/i jam pridem commiſſam, protinus, ut ſpero, in lus 
Cem emittet ; ; quas fi geometræ, ex penitiori quodam fonte petitas, 
n t, 


C 
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perſpe exerint, null dubitamus, quin anguſtos vulgaris geometriꝶ j.. 


mites agnoſcant, noſtraque proin inventa tanto pluris faciant, quan. 


to pauciores eximiam nofiram quaſiionem folururi eætiterint, etiam 
inter illos ipſos, qui per ſingulares, quas tantopere commendant t, me- 


_ thodos, interioris geometric latibula non folum intime Penetralſſ, ſed 


etiam ejus pomeria, theorematibus ſuis aureit, nemini, ut putabant 
cognitis, ab aliis tamen jam longe priùs editis, mirum in modum 
ex Lend; Ye gloriantur. 


403 SW ki 4ÞP:T8 RUM 
PURE GEOMETRICUM. 
Quod priori ſubnectimus, & Strenæ loco Eruditis proponimus, 


Ab EUCLIDIs zempore vel tyronibus notum eft, duftam utcunque 
& puncto dato reftam lineam, a circuli peripberid ita ſecari, ut 
rectangulum duorum ſegmentorum, inter pundtum datum & utram. 


qu? peripheria partem interceptorum, fit eidem conflanii perpetub 


equale, Primus ego aſtendi, in eodem Actorum Jun. pag. 265, 
hanc proprietatem infinitis aliis curvis convenire, illamque adeo cir- 
culo non elſe efſentialem : arreptd biuc occaſione, propoſui geometris 
determinandam Curvam, vel Curuvas, in quibus non rectangulun, 
ſed ſolidum ſub uno & quadrato alterius ſegmentorum equetur ſem- 
fer eidem ſed a nemine hattenus ſolvendi modus prodiit ; exbibe- 
bimus eum, quandocumgue defiderabitur,. 2uoniam autem non nil 
per Curvas anſcendentes qucſito ſatisfacimus ; en aliud, cujus ſo 
Iutio per mere algebraicas in naſird eft potefiate. 8 

Quæritur Curva ejus proprietatis, ut duo illa ſegmenta, ad 
quamcunque potentiam datam elevata & ſimul ſumta, faciant 
ubique unam eandemque ſummam. 

Caſum ſimpliciſſimum, exiftente ſcilicet numero potentiæ 1, ibidim 
in Actis, pag. 266, jam ſolutum dedimus; generalem vero ſolulio- 


nem, quam etiamnum premimus, analy/iis eruendam relinquimuus. 


Dabam Groninge, ipſis Cal. Fan. 1 697 f 


HäcrkNus BERNOULLIUS, Problematuim vero ſolutiones Ju 


vwd. 


A dato 


— 
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in 
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A dato puncto a, ducatur recta 10 
finita, aycz, horizonti parallela; & ſuper 


eadem rea deſcribatur, tum Cyclois 
quæcunque, ac, rectæ AB ductæ, & fi 
| opus ſit productæ, occurrens in puncto 
a, tum cyclvis alia ABC; cujus baſis; & altitudo fit ad prioris ba- 


ſem & altitudinem reſpective, ut as ad aq, Et hc cyclois no- 
viſſima tranſibit per punctum B, & erit curva illa linea, in qua 


grave a puncto A ad punctum B vi * ſuæ citiſſimè perve- 


PROBLEM A II. 
Problema alterum, ſi rectè intellexi (nam, qu in Aclis Lip). ab 
; auctore citantur ad id ſpectantia nondum 
vidi) fic proponi poteſt. Quæritur Curva 
xIL ea lege, ut fi recta PKL A dato quo- 
dam puncto p, ceu polo, utcunque duca- 
tur, & eidem curve in punctis duobus 
K, & L occurrat; poteſtates duorum ejus 
ſegmentorum, PK, & PL, A dato illo puncto v ad occurſus illos 


ductorum, fi ſint æquè altæ, (id eſt, vel quadrata, vel cubi, 


vel quadrato-quadrata, &c.) datam ſummam PKxq + PLq vel 
PK Cub, + PL Cub. &c. (in omni rectæ illius poſitione) conficiant. 


„ 5 
Per datum quodvis punctum, à, ducatur recta quævis infinita 


poſitione data, ADB, rectæ mobili PKL occurrens in D: & nominen- 
tur Ab, x; & PE, vel PL, y; ſintque , & R quantitates ex quan- 


titatibus quibuſcunque datis, & quantitate x quomodocunque con- 


ſtantes, & relatio inter x, & y, definiatur per hanc æquationem 
Y RSO. Et ſi ſit quantitas data, rectangulum ſub ſeg- 
mentis pk & PL dabitur. Si Qſit quantitas data, ſumma ſegmen- 
torum illorum, ſub ſignis propriis conjunctorum, dabitur (2). 


Si O = 2R datur, ſumma quadratorum (PKq + PLg) dabitur. Si 


QC=3Q data ſit quantitas, ſumma cuborum (PK cu. + PL cub.) 
dabitur. Si = 40 + 2RR data fit quantitas, ſumma quadrato- 


() Sequuntur hæc ex notiſſimo Theoremate Girardi de coefficientium . Vide 


Arith, Vniv. C. XVIII. 
4 


quadratorum 


41s 
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fint quantitates, & problema ſolvetur. O. E. F. 


De ratione terporis, quo grave labitur per reclam data duo pundia 


quo grave è quiete cadens percurrit Av, eſt ad terapus caſus per 


quadratoram (PR + PL4g) dabitur. Et fic deinceps in infin;. 
tum (). - Effictatur itaque ut R, Q QQ>-2R, Q3- 3035 &c. datæ 


Ad eundem modum Curve inveniri poſſunt, quæ tria, vel plura 
abſcindent ſegmenta, ſimiles proprietates habentia. Sit æquatio 
MTC + Ry s o, bl Q, N, & s, quantitates ſignificant ex 
quantitatibus quibuſcunque datis, & quantitate x utcunque con- 
ſtantes, & Curva abſcindet ſegmenta tria. Et ſi s data ſit quan- 
titas contentum ſolidorum illorum trium dabitur. Si Q fit quan- 
titas data ſumma trium illorum dabitur. Si QQ = 2 ſit data _ 
read, ſumma quadratorum ex tribus his dabitur. 


IV. 


conjungentem ad tempus brevifunum, quo, vi gravitatis, iranji 
ab horum und ad alterum per arcum Cycloidis. 
_ THEOREM A. 

Si in Cycloide Avp, cujus baſis AD et horizonts parallela, ver- 
tice V deorſum ſpedlante, ex A ducatur utcunque refa AB Cycloidi 
occurrens in By en quo ducatur recla BC curve Cycloidis BD in 3 
normalis, ad Judi ex A demittatur perpendicularis recta Ac: dico 
tempus, quo grave e quiete cadens ex A, vi ſue gravitatis, decurrit 
reclam AB, e ad tempus, quo percurrit curvam ANB, ficut recla 
AB ad reclam AC. | 

Per B ducatur BL, parallela Cycloidis axi vx; & BK, baſi 4D 
parallela occurrens axi in , &, circulo ſuper diametrum Ev de- 
{cripto, in F & H; Cycloidi denique in x. Ducatur recta Er, 
quæ, ex Cycloidis natura, parallela eſt rectæ Bc. Unde BM eſt 
tequalis EF, & EM æqualis BF 3 quæ, propter Cycloidem, æquatur 
arcui vr; & proinde AM eſt æqualis arcui xHvx. 

Per Prop. xxv. Par. II. Horolagii Oſcillatorii HuekNII, tempus, 


EV, ut ſemi-circumferentia ad diametrum; &, per dictæ partis 
propoſitionem ultimam, tempus, quo grave percurrit vB, poſt 
decurſam av (nempe quale tempori, quo grave percurrit KV, 


(*) Patent hizc per formulas Girardi pro conſummatione poteſtatum 2 radicibus æquationum 
ncognitis. Vide Arithmet. Univ. C. XVIII. Not. 3, | 3 
PO | 


BERNOUILLIANA. 
poſt decurſam ax), eſt ad tempus lapſts per Av, 
ficut arcus vr ad ſemi-circumferentiam; adeò- 


trum, quare tempus, quo grave percurrit cur- 
vam Av, eſt ad tempus caſs per xv, ficut 
arcus EHV, ad diametrum Ev. Sed, tempus caſùs per xv, eſt ad 


quo, tempus, quo grave percurrit AVB, eſt ad tempus caſus per 


per AB, ut LB ad AB. Ergo ratio temporis, quo grave percurrit 
avB, ad tempus quo percurrit AB, componitur ex ratione Au ad 


M3xBA. Sed AMxLB eſt æquale MB x AC; quia utrumque e- 
quatur duplo trianguli ABM. Et igitur, tempus, quo grave e 
quiete cadens percurrit curvam Cycloidis avs, eſt ad tempus, 
quo percurrit rectam AB, ſicut MBx Ac, ad Mx BA; id eſt, ſicut 
ac ad AB. Q. E. D. 


& v. 
„ RENGTLS 
Olim in Actis Eruditorum Lipſiæ propoſiti 
JJ... IS, 
In Actis Eruditorum pro menſe OFobri anni 1 698, pag. 471, 


* optaveram generalem ſecandi Curvas ordinatim poſitione datas, 
( 0 : R o 1 . Fa 
' five algebraicas, ſive tranſcendentales, in angulo recto, ſive 


"erui: cui, LEIBNITIO approbatore, ne ye addi poteſt ad ul- 
0 - . . : \ \ | 
* teriorem perfectionem, & vel ideo tantum quod perpetuò ad 


6 - * * ; We © 
equationem deducat : in qua fi interdum indeterminate ſunt 


« . . 33 n 
hujus ſed alius eſt methodi indeterminatas ſeparare: rogamus 


que ad tempus caſùs per xv, ſicut rv ad diame- 


tempus caſùs per LB (five £6), ſicut EV ad EF. Igitur, ex «w- 
1B, ſicut arcus EHVF ad ſubtenſam EF; hoc eſt ut recta am, ad 


rectam MB. Rurſus, tempus caſùs per LB eſt ad tempus lapſiis 


MB, & ratione LB ad BA; adeoque zquahs eſt rationi AM x LB ad 


Similiterque procedet demonſtratio, fi punctum x, fit inter 4 


D. JOHANNES BERNOULL1Us hæc ſcripſit. Methodum, quam 


* obliquo invariabili, five data lege variabili, tandem ex voto 


(6.2 . : 3 : . 
inſeparabiles, methodus non ideo imperfectior eſt, non enim 


Vol. IV, H h h 3 igitur : 


4 


"of 


N 
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difficile fuerit. Sufficit quod- ſolutio ſequens fit generalis, & ad 


Sucritur methodus Zen eralis inveniendi ſeriem Curvarum, que Cur- 


terſectionum: puncta quecunque : & anguli interſectionum dant 


ries infinitas. Problema hocce, chm nullius fere fit uſus, in 
Aclis Erudttorum annos plures neglectum & inſolutum manſit. 


PROBLEM AT A, Kc. 

& jgitur fratrem ut velit ſuas quoque vires exercere in re tant; 
«© momenti. Suſcepti laboris non poœnitebit, ſi felix ſucceſſus 
« fructu jucundo compenſaverit. Scio relicturum ſuum, quem 
& nunc fovet, modum, qui in pauciſſimis tantum exemplis adhi- 
& beri poteſt. N | 
Hi tres viri celeberrimi feſe, jam ab annis quatuor vel quinque 
circiter, im ſolvendis hujuſmodi problematibus exercuerant. Ah. 
que ſpiritu divinandi eandem ſolutionem cum Bernoulliand tradere 


Rquationem ſemper deducat. 


- £..4.-5-4, AS 08.4. en Aa; 


vas in ſerie alid qudcumque data conſtitulas, ad an Tulum vel 
datum, vel dati lege variabilem, ſecabunt. 


S O LU TI e. 
Natura Curvarum ſecandarum dat tangentes earundem ad in- 


perpendicula Curvarum ſecantium; & perpendicula duo coeuntia, 
per concurſum ſuum ultimum, dant centrum curvaminis Curve 
ſecantis ad punctum interſectionis cujuſeunque. Ducatur abſciſſa 
in ſitu quocumque commodo, & fit ejus fluxio unitas ; & poſitio 
perpendiculi dabit fluxtonem.primam ordinate. ad Curvam quæſi- 
tam pertinentis; & curvamen hujus Curve dabit fluxionem ſe- 
cundam ejufdem ordinate. Et ſic problema. Epe deducetur ad 
#quationes. Quod erat faciendum.. . 


8. H . i U . 


Non hujus, ſed alius eſt methodi #quationes reducere, & in- 
determinatas feparare ; abſolute, fi fieri poſſit; fin minus, per ſe- 


Et eadem de cauſd ſolutionem ejus non ulterius proſequor. 
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PROPOSITION I. 


If a body, projected in a given direction, be conſtantly drawn to- 
wards two fixed points, which are not both in the ſame plane 
with the direction, it ſhall deſcribe, by lines drawn from the two. 
fixed points, equal ſolids in equal times, about the line joining the 
ſaid points, 5 N 


JupposkE a body projected in the direction Ap (fig. 1.) and 
acted upon by two centripetal forces towards the fixed points 


A 


rand s; and the angles PAS, PAT in different planes. Imagine 


time divided into equal moments; and in the firſt moment 
5 the 
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the body, by its given force, ſhould move through the line ap. 


cond moment of time the body, inſtead of moving from p to B, 
Ta, I ſay the ſolid sPTp is equal to the ſolid 8ATP. 


ſame baſe spr, and being between the ſame parallel planes 2. 


OF MOTION ABOUT 


likewiſe in the ſecond moment, if no new force was added, it 
ſhould continue to move in the ſame ſtrait line through pz = ap, 
But when the body has come to , ſuppoſe it acted upon by two 
centripetal forces, in the directions PT, PS. Suppoſeè theſe forces 
in proportion to that in the direction Ae, as the lines pi, and 
P77, to the line Ar PB; and with the three lines PB, Pu, p, 
compleat the parallelopipid pp; and the body in Þ being acted 
on by theſe three forces, in the directions PB, P77, Pr, Which 
forces are as theſe three lines, it ſhall move through the diago- 
nal of the parallelopipid made on theſe lines ; that is, in the ſe- 


ſhall move from v top, And drawing the lines sþ, Tp, and sa, 
Draw the lines $B, TB, The ſolids 'SPTB, SPTþ, having the 


and By, are equal. Again, the ſolids spTB, SPTA, are equal; 
becauſe being on the ſame baſe spr, they have equal altitudes, 
(Letting fall perpendiculars from the points B and a, upon the 
ſame plane spr, in which from theſe perpendiculars, drawing 
lines to the points a and 3, there are two right-angled triangles, 
with one fide equal, vis. PB S AP; and one acute angle equal, 
vi$. the inclination of the line as to the plane spr, therefore the 
perpendiculars are equal, which are the altitudes of the two ſo- 
lids spTB, 5PTA). Therefore the ſolids sp, SATP, are equal. O E. D. 
In like manner, in the third moment of time, the body at ), 
being acted on by three forces in the direction pp, Pr, Ps, ſhall 
move through the line pg, ſo as to make the ſolids, sPTp, V, 
equal. And ſo in every other moment of time, the body ſhall 
deſcribe, by lines drawn from the two fixed points T and s, 3 
little ſolid equal to the ſolid s Arp. 

Thus then the moments of the ſolid deſcribed by the rays 
drawn from the fixed points, T, s, to the moving body, being 
proportional to the moments of time, it follows, that the ſolid it- 
ſelf is proportional to the time in which it is deſcribed. O. E. D. 


PROP. 


A DOUBLE CENTER 


PROP. II. 


If a body, ad upon by wo centripetal forces, as above, revolve 


in a curve round the line joining theſe two centers, its velocity in 
any point of the curve ſhall be reciprocally proportional to a rec 
angle of the perpendicular from one of the centers upon the tan- 
gent to the given point in the curve, and the perpendicular from 
the other center upon the plane of the aforeſaid perpendicular and 
tangent. 


| Let the body p move in the curve pþ (fig. 2.) round the line 


75, joining the two centers of attraction s and r. Let pz be a2 


NI 


. 
PY 
PR 
PS 
F Pd 
, * 
o 
PR 
„ 
od 


tangent to the curve in P ; upon which, from , let fall the per- 


pendicular TZ.3 and upon the plane of the lines Tz, 2p let fall 


from s. the perpendicular su; and the velocity of the body in Þ 


{hall be-reciprocally as the rectangle Tz x $M. 
- Suppoſe in a moment of time the body moves from Þ top, 
draw the lines ps and pr. The time being given, the velocity 


is directly as the ſpace ; that is, the velocity of the body at p is 


directly as the line ep. 


Again, the time being given, the ſolid Tpps, which is pro- 


portional to the time (by the preceding Propoſition) is alſo given. 
But the ſolid Tpps is proportional to the baſe multiplied by the 
perpendicular altitude, that is, to the triangle TPp, into the per- 
pendicular altitude 8M. The triangle TPp is proportional to 
ans PP x 


424 


pm, pn, with forces proportional to theſe lines. By the forces 


draw bT. I ſay, the difference of the triangles per, par, is pro- 


OF MOTION AB OU 
pp x xz, therefore the ſolid Tpps is proportional to pp z x 8M, 


And this being a given quantity, Pp becomes reciprocally pro- 
portional to rz x $M, that is, the velocity is reciprocally as the 


rectangle Z S. Q. E. D. 


PROP, III. 


If a body, atiracted by two fixed points T, 8s (fig. 3.) revolve ing 
curve, it ſhall, with à ray drawn from one of theſe points, 1, 10 


MERE 8 1 
ccc e Et 
Fd mh WM 7 
„„ 
g, 
£8 
: Y 8 
J's 


any point in the curve, in equal moments of time, deſcribe un- 
equal areas, whoje differences hall be as the attr active force lo- 
wards the other point s, multiplied into the line TZ x —; ; PM be- 


ing a tangent to the curve in the given point p, ns TZ, su, 
perpendiculars from T and $ upon this tangent, 


Suppoſe the body in the point y, acted on in the direction pc, 


Pc, and Pm, it ſhould move through pa, the diagonal of the pa- 
rallelogram ure; and with the forces ea and Px it ſhould move 
through xp, the diagonal of the parallelogram apn. Draw the 
lines cr, ar, pr; deſcribe the arch H with the radius yp, and 


ortional to PH x TZ tho 
P 8 


The triangles per, par, being between the ſame parallelas p, 
ca, are equal. — Again, the triangle ppr = Pr, becauſe the ſides 
pp, Pb, are equal, and the angle PP common (the angle 5h be- 
ing infinitely ſmall) therefore ppT - PcT T- paT Sar. But 
the triangle abT is as the baſe ab x into the perpendicular alt- 


tude 12. And the triangles apb, n right-angled at M and 5, 
have 


A DOUBLE CENTER. 

have the angle pas = the angle sy (the lines es, ap, and PM, pp, 
2», being ſuppoſed. parallel) therefore they are ſimilar, that is, 
ps: PM:: 4: ab, Therefore ab S ap x =. and the triangle abr 


78 7 
LZ x Pm PM 


Now the W of the triangles per, pr, is the difference 


of the areas deſcribed by the body p, with the ray pr in the ſame 
moment of time. Therefore the body p, thus conſtantly acted 


upon by two centripetal forces, ſhall revolve in a curve; deſcrib- 


ing about one of theſe centers, in equal moments of time, un- 


equal areas, whoſe difference is proportional to the area fx Tz x _ . 


Q..E, D. (Calling the attraction towards s, the other center, f) 
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SIR, 


HEN I wrote my Treatiſe about our syſtem, I had an 


eye upon ſuch principles as might work with conſider- 
ing men, for the belief of a Deity; and nothing can rejoice me 
more than to find it uſeful for that purpoſe. But if I have done 


the public any ſervice this way, it is due to W but induſ- 


try and patient thought. 

As to your firſt Ouery, it ſeems to me, that if the matter of 
our ſun and planets, and all the matter of the univerſe, were 
evenly ſcattered throughout all the heavens, and every particle 
had an innate gravity towards all the reſt, and the whole ſpace, 
throughout which this matter was ſcattered, was but finite; the 


matter on the outſide of this ſpace would by its gravity tend to- 


wards all the matter on the inſide, and by conſequence fall down 
into the middle of the whole ſpace, and there compoſe one great 
ſpherical maſs. But if the matter was evenly diſpoſed through- 
out an infinite ſpace, it could never convene into one maſs ; but 
ſome of it would convene into one maſs and ſome into another, 
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I'cTTER 


FiKST, 


and make a ſun; and the reſt, which is fit to compoſe an opake 


whilſt he remains unchanged; I do not think explicable by meer 


| know no, reaſon, but becauſe one was ſufficient to warm and en- 


E E F ru EUR s 
ſo as to make an infinite number of great maſſes, ſcattered at 
great diſtances from one to another throughout all that infinite 
ſpace. And thus might the ſun and fixed ſtars be formed, ſup- 
Poſing the matter were of, à lucid nature. But how the matter 
ſhould divide itfelf into two forts ; and that part of it, which iz 
fit to compoſe a ſhining body, ſhould fall down into one maſs 


body, ſhould coaleſce, not into one great body, like the ſhining 
matter, but into many little ones: Or if the ſun at firſt were an 
opake body like the planets, or the planets lncid bodies like the 
fun, how he alone ſhould be changed into a ſhining body, whilit 
all they continue opake ; or all they be changed into opake ones, 


natural cauſes, but am foredd: to aſcribe it to the counſel and con- 
rande of à voluntary Agent. 
The ſame power, whether natural or fupernatural, which 
placed the ſun in the center of the fix primary planets, placed 
Saturn in the center of the orbs of his five ſecondary planets; 
and Jupiter in the center of his four ſecondary planets ; and the 
earth in the center of the moon's orb; and therefore, had this 
cauſe. been a blind one without contrivance or deſign, the ſun 
would have been a body of the fame kind with Saturn, Jupiter, 
and the earth; that is, without light or heat. Why there is one 
body in our ſyſtem qualified to give light and heat to all the reſt, 
I know no reaſon, but becauſe the author of the ſyſtem thought 
it convenient; and why there is but one body of this kind, 1 


lighten. all the reſt. For the Carięſian hypotheſis of ſuns loſ- 
ing their lig ght, and then turning into comets, and comets into 
planets, can have no place in my Syſtem, 10 is plainly errone- 
ous: Lo it is certain, that as often as they appear to us, they 
deſcend, into the ſyſtem of our planets, lower than the orb of Ju- 
piler, and ſometimes lower than the orbs of Venus and Mercury; 
and yet never ſtay here, but always return from the ſun with the 
Game degrees of motion by which they approached bim. 


- . 
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TO MR. BENT LEV. 1 
To your ſecond Query. Janſwer, that the motions, which the Lerrza 
planets now have, could not ſpring from any natural cauſe alone,, 
but were impreſſed by an intelligent Agent. For ſince comets =_ 

deſcend into the region of our planets, and here move all manner _— 
of ways, going ſometimes the ſame way with the planets, ſome- 
times the contrary way, and ſometimes in croſs ways, the planes 
inclined to the plane of the ecliptick, and at all kinds of aligles, 
it is plain that there is no natural cauſe which could determine all 
the planets, both primary and ſecondary, to move the ſame way 
and in the fame plane, without any conſiderable variation: this 
muſt have been the effect of counſel. Nor is there any natural 
cauſe which could give the planets thoſe juſt degrees of velocity, 
in proportion to their diſtances from the ſun, and other central 
bodies, which were requiſite to make them move in ſuch con- 
centrick orbs about thoſe bodies. Had the planets been as ſwift 
as comets, in proportion to their diſtances from the ſun (as they 
would have been, had their motion been cauſed by their gravity, 
whereby the matter, at the firſt formation of the planets, might 
fall from the remoteſt regions towards the ſun) they would not 
move in concentrick orbs, but in ſuch eccentrick ones as the co. 
mets move in. Were all the planets as ſwift as Mercury, Or as 
flow as Saturn or his ſatellites; or were their ſeveral velocities 
otherw iſe much greater or leſs than they are, as they might have 
been, had they aroſe from any other cauſe than their gravities z 
or had. the diſtances from the centers, about which they move, 
been greater or leſs than they are with the ſame velocities ;. or 
had the quantity of matter in the ſun, or in Saturn, Jupiter, and 
the earth, and by conſequence their gravitating power been 
greater or leſs than it is; the primary planets could not have re- 
volved about the 1 un, nor the ſecondary ones about Saturn, Jupi- 
ler, and the Earth, in concentrick circles as they do, but would 
hare moved in hyperbolas or parabolas, or in ellipſes very eccen - 
trick. To make this ſyſtem, therefore, with all its motions, re- 
quired a cauſe which underſtood, and compared together, the "i 
quantities of matter in the ſeveral bodies of the ſun and planets, | = 
and the gravitating powers reſulting from thence ; the ſeveral my 
Uiltances of the primary planets from the ſun, and of the ſe- 
condary 
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LErrit 
FIRST. 


earth is: and therefore this various denſity ſhould have ſome 
other cauſe than the various diſtances of the planets from the 
ſun. And J am confirmed in this opinion by conſidering, that 


reſt, ſo they are vaſtly greater, and contain a far greater quanti- 


lifications ſurely aroſe hot from their being placed at ſo great a 


A. 


TS... 1.2 A" 4; Bri; 
condary ones from Saturn, Jupiter, and the Earth; and the ve. 
locities, with which theſe planets could revolve about thoſe quan- 
tities of matter in the central bodies; and to compare and adjuſt 
all theſe things together in 10 great a variety of bodies, argues 
that cauſe to be not blind and fortuous, but very well {killed ; in 
mechanicks and geometry. 1 

To your third Query I anſwer, that it may: be repreſented that 
the ſun may, by heating thoſe planets moſt which are neareſt to 
him, cauſe them to be better concocted, and more condenſed by 
that concoction. But when I conſider that our earth is much 
more heated in its bowels below the upper cruſt, by ſubterraneous 
fermentations of mineral bodies than by the ſun ; I ſee not why 
the interior parts of Jupiler and Saturn might not be as much 
heated, concocted, and coagulated by thoſe fermentations as our 


\ 


the planets of Jupiter and Saturn, as they are rarer than the 
ty of matter, and have many ſatellites about them; which qua- 


diſtance from the ſun, but were rather the cauſe why the Crea- 
tor placed them at great diſtance. For by their gravitating pow- 
ers they diſturb one another's motions very ſenſibly, as I find by 
ſome late obſervations of Mr. Flaniſticed; and had they been 
placed much nearer to the ſun and to one another, they would by 
the fame powers have cauted a conſiderable diſturbance in the 
whole ſyſtem. | 
To your fourth Query 1 anſwer, that, in the hypotheſis of 5 
tices, the inclination of the axis of the earth might, in my opi- 
nion, be aſcribed to the ſituation of the earth's vortex before it 
was abſorbed by the neighbouring vortices, and the earth turned 
from a ſun to a comet; but this inclination ought to decreaſe 
conſtantly in compliance with the motion of the earth's ve, 
whole axis is much leſs inclined to the ecliptick ; as appears by 


the motion of the moon carried about therein. If the ſun by 
: his 


TO, DR. B E N T L E v. 


his rays could carry about the planets, yet I do not ſee how he 


could thereby effect their diurnal motions. 
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tert: 
FIRST. 


Laſtly, I ſee nothing Extraordinary 1 in the inclination of the 


earth's axis for proving a Deity ; unleſs you will ui ge it as a con- 
trivance for Winter and Summer, and for making the earth Ba- 


bitable towards the poles; and that the diurnal rotations of the 


ſun and planets, as they could hardly ariſe from : any caufe 7 pure- 


ly mechanical, ſo by being determined all the ſame way with 
the annual and menftrual motions, they ſeem to make up that har- 
mony in the ſyſtem, which, as I explained above, was the effect 


of choice, rather than chance. 


There is yet another argument for a Deity, which 1 "RUS to be 


a very ſtrong one; but till the principles on which it is ground» 


ed a are better received, 1 think it more adviſeable to let it ſleep. 
1 am, &%c; 


Cuntridee, 
Nec, 19, 1693. 
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a finite ſpace, not ſpherical, ſhould fall into a ſolid maſs, this 


4 * 
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LE T TN H. 
8 1 R, 
I AGREE with you, that ir tiiatter; ebe diffuſcd through 


maſs would affect the figure of the whole ſpace, provided it were 
not ſoft, like the old chaos, but ſo hard and ſolid from the be- 


ginning, that the weight of its protuberant parts could not make 


it yield to their preſſure. Yet by earthquakes looſening the 
parts of this ſolid, the protuberances might ſometimes fink a lit- 


tle by their weight, and thereby the maſs might, by degrees, ap- 


proach a ſpherical figure. 

The reaſon why matter evenly ſcattered through a finite ſpace 
would convene in the midſt, you conceive the ſame with me; 
but that there ſhould be a central particle, ſo accurately placed 
in the middle, as to be always equally attracted on all ſides, and 


thereby continue without motion, ſeems to me a ſuppoſition fully 


as hard, as to make the ſharpeſt needle ſtand upright on its point 
upon a looking-glaſs. For if the very mathematical center of 
the central particle be not accurately in the very mathematical 
center of the attractive power of the whole maſs, the particle 
will not be attracted equally on all fides. And much harder it 
is to ſuppoſe all the particles in an infinite ſpace ſhould be ſo ac- 
curately poiſed one among another, as to ſtand {till in a perfect 
equilibrium. For I reckon this as hard as to make, not one nee- 
dle only, but an infinite number of them (ſo many as there are 
particles in an infinite f. pace) ſtand accurately poiſed upon their 
points. Yet I grant it poflible, at leaſt by a Divine Power; and 
if they were once to be placed, I agree with you, that they would 
continue in that poſture without motion for ever, unleſs put into 
new motion by the ſame power. When therefore I ſaid, that 


matter, evenly ſpread through all ſpace, would convene by 1ts 
gravity 


cſde. ? my 


— ——. , RS «,,, © AS + 
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TO D R. B ENT L Ev. 


gravity into one or more great maſſes, 1 underſtand it of matter Lerræx 


SECOND, 


not refiſting in an accurate poiſe. 

But you argue, in the next paragraph of your letter, that 
every particle of matter, in an infinite ſpace, has an infinite 
quantity of matter on all ſides, and by conſequence an infinite 
attraction every way, and therefore muſt reſt in equilibrio, be- 
cauſe all infinites are equal. Yet You ſuſpect a paralogiſm 1 in this 
argument; and I conceive the paralogiſm lies in the poſition, 
that all infinites are equal. The generality of mankind conſi- 
der infinites no, other ways than indefinitely ; and in this ſenſe, 
they ſay all infinites are equal; though they would ſpeak more 
truly if they ſhould ſay, they are neither equal nor unequal, 
nor have any certain difference, or proportion one to another. In 
this ſenſe, therefore, no concluſions can be drawn from them, 


about the equality, proportions, or differences of things; ; and 
they that attempt to do it, uſually fall into paralogiſms. So when 


men argue againſt the infinite diviſibility of magnitude, by ſay- 
ing, that if an inch may be divided into an infinite number of 
parts, the ſum of thoſe parts will be an inch; and if a foot may 
be divided into an infinite number of parts, the ſum of thoſe 
parts muſt be a foot; and therefore ſince all infinites are equal, 
thoſe ſums muſt be equal, that is, an inch equal to a foot; 
the falſeneſs of the concluſion ſhews an error in the premiſes : : 
and the error lies in the poſition, that all infinites are equal. 

There 1s therefore another way of conſidering infinites, uſed by 


mathematicians, and that is under certain definite reſtrictions and 


limitations, whereby infinites are determined to have certain dif- 
ferences or proportions to one another. Thus Dr. Wallis confi- 
ders them in his 4rithmetica Infinitorum; where, by the various 


Proportions of infinite ſums, he gathers the various proportions 


of finite. maguitudes : which way of arguing is generally al- 
lowed by mathematiciaus, and yet would not be good, were all 
infinites equal. According to the ſame way of confidering infi- 
Bites, a mathematician Dy tell you, that though there be an 
Infinite number of infinite little parts in an inch, yet there is 
twelve times that number of ſuch parts in a foot; that 1s, the 1 in- 


ſinite number of thoſe parts in a foot is not equal to, but twelve 


N times 
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librium, and put the body into the ſame motion into which it 


even none at all: ſo that in this caſe the two equal infinites, by 
the addition of a finite to either of them, become unequal in 


Orbis Magnus, and ſtood ſtill there without any gravitation or 


tating energy towards the ſun, and a tranſverſe impulſe of a juſt 
to my notion, cauſe a circular revolution of the earth about the 


other line. Secondly, I do not know any power in Nature which 


aſide into a tranſverſe one. And this is true, ſuppoſing the gra- 
vitating power of the ſun was double, at that moment of time 


Divine Power it could never put them into ſuch a circulating mo- 


* 
times bigger than the infinite number of chem in an inch! ang 
ſo a mathematician will tell you, that if a body ſtood in equmli. 
brio between any two equal and contrary attracting infinite forces, 
and if to either of theſe forces you add any new finite attracting 
force; that new force, how little ſoever, will deſtroy their equi- 


would put it, were thoſe two contrary equal forces but finite, or 


our ways of reckoning; and after theſe Ways we muſt reckon, 
if from the conſiderations of infinites we would always draw 
true concluſions, | 5 7 

To the laſt part of your letter J anſwer, firſt, that if the earth 
(without the moon) were placed any where with its center in the 


projection, and there at once were infuſed into it, both a gravi- 


quantity moving it directly in a tangent to the Orbis Magnus; 
the compounds of this attraction and projection would, according 


ſun. But the tranſverſe impulſe muſt be a juſt quantity ; for if 
it be too big or too little, it will cauſe the earth to move in ſome 


would cauſe this tranſverſe motion without the Divine arm. Box- 
del tells us ſomewhere in his book of Bombs, that Plato affirms, - 
that the motion of the planets is ſuch, as if they had all of them 
been created by God in ſome region very remote from our {yſ- 
tem, and let fall from thence towards the ſun, and fo ſoon as 
they arrived at their ſeveral orbs, their motion of falling turned 


in which they all arrive at their ſeveral orbs; but then the Di- 
vine power äs here required in a double reſpect, namely, to turn 
the deſcending notions of the falling planets into a fide motion, 
and at the ſame time to double the attractive power of the ſun. 
So then gravity may put the planets into motion, but without the 


tion, 


TO DR BENTLEY, 


tion, as they have about the ſan; and therefore for this, as well Lerrex 
as other reaſons, I am compelled to aſcribe the frame of this * 


tem to an intelligent Agent. 


vou ſometimes ſpeak of gravity as eſſential and inherent to 
matter. Pray do not aſcribe that notion to me; for the cauſe of 
gravity is what I do not pretend to know, and therefore would 
take more time to con ſider of it. 

] fear what I have ſaid of infinites will ſeem obſcure to you; z 
put it is enough if you underſtand that infinites, when conſider- 
ed abſolutely without any reſtriction or limitation, are neither 
equal nor unequal, nor have any certain proportion one to an- 
other ; and therefore the principle that all infinites are equal, is a 
precarious one. 


Trinity College, . 
Jan, 17, 1692-3. 


C 


SIR | Cambridge, 
5 a My Feb. 25, 5 


BECAUSE you defire ſpeed, I will anfwer your letter with 
what brevity I can. In the fix poſitions you lay down in the be- 
ginning of your letter, I agree with you. Your afſuming the: 
Orbis Magnus 7000 men of the earth wide, implies: the: 
ſun's horizontal parallax to be half a minute. Flam/teed. and: 
Caſini have of late obſerved it to be about 10% and. thus the 
Orbis Magnus muſt be 21,000, or in a rounder number'20,000- 
diameters of the earth wide. Either computation I think will 
do well, and I think it not worth while to alter your numbers. 

In the next part of your letter you lay down four other poſi- 
tions founded upon the fix firſt. The firſt of theſe four ſeems. 
very evident ; ſuppoſing you take attraction ſo generally, as by it 
to underſtand any force, by which diſtant bodies endeavour to 
ome together without mechanical impulſe. The fecond ſeems: 

not 
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Bot ſo clear. For it may be ſaid, that there might be other ſyf. 
- tems of worlds before the preſent ones, and others before thoſe, 


and ſo on to all paſt eternity; and by conſequence, that gravity 


may be co- eternal to matter, and have the ſame effect from al 
eternity as at preſent; unleſs you have ſomewhere proved, that 


eld ſyſtems cannot gradually paſs into new ones; or that this ſy. 
tem had not its original from the exhaling matter of former de. 


caying ſyſtems, but from a chaos of matter evenly diſperſed 


throughout all ſpace. For ſomething of this kind, I think, You 
ſay was the ſubject of your fixth Sermon; and the growth of 
new ſyſtems out of old ones, without the mediation of a Divine 
Power, ſeems to me apparently abſurd. | 

The laſt clauſe of the ſecond polition I like very well. It is 


inconceivable, that inanimate brute matter ſhould, without the 


mediation of ſomething elſe, which is not material, operate up- 
on, and affect other matter without mutual contact; as it muſt 


do, if gravitation, in the ſenſe of Fpicurus, be eſſential and in- 


herent init. And this is one reaſon, why I defired you would 


not aſcribe innate gravity to me. That gravity ſhould be innate, 


inherent and eſſential to matter, ſo that one body may act upon 
another at a diſtance through a vacuum, without the mediation 


of any thing elſe, by and through which their action and force 


may be conveyed from one to another, is to me ſo great an ab- 


ſurdity, that I believe no man who has in philoſophical matters a 
competent faculty of thinking, can ever fall into it. Gravity 


muſt be cauſed by an agent acting conſtantly according to certain 
laws; but whether this agent be material or immaterial, I have 
left to the conſideration of my readers. 

Your fourth afſertion, that the world could not be formed by 


innate gravity alone, you confirm by three arguments. But in 
your firſt argument you ſeem to make a Petitio Princip! , for 


whereas many ancient philoſophers and others, as well Theifts 


as Atheiſts, have all allowed, that there may be worlds and pa 


cels of matter innumerable or infinite, you den this, by repre” 
ſenting it as abſurd, as that there ſhonld be poſitively an infinite 


arith fc ſum or number, which is a contradiction 77 fe- illi; 


but you do not prove it as abſurd. Neither do you prove, 5 at 
What 


TO DR. BEN TL E V. 


in nature; for a contradiction i terminis implies no more than an 


impropriety of ſpeech. Thoſe things, which men underſtand by 


improper and contradictious phraſes, may be ſometimes really in 


Nature without any contradiction at all: a filver irxhorn, a pa- 


per lanthorn, an iron whetſtone, are abſurd phraſes; yet the 


things ſignified thereby are really in Nature. If any man ſhouM 


ſay, that a number and a ſum, to ſpeak properly, is that which 
may be numbered and ſummed, but things infinite are number- 
leſs, or, as we uſually ſpeak, innumerable and ſumleſs, or in- 
ſummable, and therefore ought not to be called a number or 
ſum; he will ſpeak properly enough, and your argument againſt 


him will, I fear, loſe its force. And yet if any man {hall take 


the words, number and ſum, in a larger ſenſe, ſo as to under- 


| ſtand thereby things, which in the proper way of ſpeaking are 


numberleſs and ſumleſs (as you ſeem to do when you allow an 
infinite number of points in a line) I could readily allow him the 
uſe of the contradictious phraſes of innumerable number, or 
ſumleſs ſum, without inferring from thence any abſurdity in the 
thing he means by thoſe phraſes. However, if by this, or any 
other argument, you have proved the finiteneſs of the univerſe, 
it follows, that all matter would fall down from the outſides, and 
convene in the middle. Yet the matter in falling might concrete 
into many round maſſes, like the bodies of the planets; and 


theſe, by attracting one another, might acquire an obliquity of 


deſcent, by means of which they might fall, not upon the great 


439 
what men mean by an infinite ſum or number, is a contradiction L 


THIRD, 


central body, but upon the ſide of it, and fetch a compaſs about, 
and then aſcend again by the ſame ſteps and degrees of motion: 
and velocity with which they deſcended before, much after. the 
manner that the comets revolve about the ſun; but a circular 
motion in concentrick orbs about the ſun, they could never ac-- 


quire by gravity alone. 


And though all the matter were divided at firſt into ſeveral 


ſyſtems, and every iyitem by a Divine Power conſtituted like ours; 

yet would the outſide ſyſtems deſcend towards the middlemoſt; 

ſo that this frame of things could not always ſubſiſt without a 
1 Divina 
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to your third 1 fully afſent. bs £64 IE 


and ſo of the reſt; and then by falling down again from the 


arrives at the orb of Venus, will be as ſwift as Venus; and he 
and Venus, when they arrive at the orb of the Earth, will be as 


Divine Power to We it, — is the con argue ; and 
As for the paſſage of P/a7o, thaw, is no common place "os 
whence all the planets being let fall, and deſcending with uni- 
form and equal gravities (as Galileo ſuppoſes) would at their ar- 
rival to their ſeveral orbs acquire their ſeveral velocities, with 
Which they now revolve in them. If we ſuppoſe the gravity of 
all the planets towards the fun to be of ſuch a quantity as it re- 
ally is, and that the motions of the planets are turned upward, 
every planet will aſcend to twice its height from the ſun. Sa. 
zurn will aſcend till he be twice as high from the ſun as he is at 
preſent, and no higher; Jupiter will aſcend as high again as at 
preſent, that is, a little above the orb of Saturn; Mercury will 
aſcend to twice his preſent height, that is, to the orb of Venus; 


places to which they aſcended, they will arrive again at their ſe- 
veral orbs with the ſame velocities they had at firſt, and with 
Which they now revolve. 

But if ſo ſoon as their motions by which they revolve are 
turned upwards, the gravitating power of the ſun, by which 
their aſcent is perpetually retarded, be diminithed by one halt, 
they will now aſcend perpetually, and all of them at all equal 
diſtances from the ſun will be equally ſwift. Mercury, when he 


ſwiſt as the Earth; and ſo of the reſt. If they begin all of them 
to aſcend at once, and aſcend in the ſame line, they will con- 
ſtantly, in aſcending, become nearer and nearer together, and 
their motions will conſtantly approach to an equality, and become 
at length flower than any motion aſſignable. Suppoſe, there - 
fore, that they aſcended till they were almoſt contiguous, and 
their motions inconſiderably little, and that all their motions Were 
at the ſame moment of time turned back again; or, which comes 
almoſt to the ſame thing, that they were only deprived of their 
motions, and let fall at that time, they would all at once arrive 
at their ſeveral orbs, each with the velocity it had at firſt; and if 


their motions were then turned ſideways, and at the ſame time 
| the 


TO D R. B ENT L E Y. | 44x > 
the gravitating power of the ſun doubled, that it might beftrotig Levres 
enough to retain them in their orbs, they would revolve in then 
zz before their aſcent. But if the gravitating power of the ſun | 
was not doubled, they would go away from their orbs into the 
higheſt heavens in parabolical lines. Theſe things follow from 
my Princip. Math. Lib. I. Prop. XXXIIT, XXXIX, XXXV, XXXVI. 


my 2p G&> \ Dd 


I thank you very kindly for your deſigned preſent, and reſf 
yours, &c. nes HH ITT 1 (fy 1: THE * . 5 
LETTER VV. 


Cambridge 
81 R, | Feb 11, 1693. 


* 
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THE hypotheſis of deriving the frame of the world, by me- Lerras 


chanical principles, from matter evenly ſpread through the hea- 


vens, being inconſiſtent with my ſyſtem, I had conſidered it very 


FOURT AN. 


little before your letters put me upon it, and therefore trouble 


you with a line or two more about it, if this comes not too late 
for your uſe. IT „ a 
In my former I repreſented, that the diurnal rotations of the 


planets could not be derived from gravity, but required a Divine 


Arm to impreſs them. And though gravity might give the pla- 
nets a motion of deſcent towards the ſun, either directly or with 
ſome little obliquity, yet the tranſverſe motions by which they 
revolve in their ſeveral orbs, required the Divine Arm to impreſs 


them according to the tangents of their orbs. I would now add, 
that the hypotheſis of matter's being at firſt evenly {ſpread through 


the heavens, is, in my opinion, inconſiſtent with the hypotheſis 


ol innate gravity, without a ſupernatural power to reconcile them; 
and therefore it infers a Deity. For if there be innate gravity, 


it is impoſſible now for the matter of the Earth and all the pla- 
nets and ftars to fly up from them, and become evenly ſpread 
throughout all the heaveus, without a ſupernatural power ; and 
certainly that which can never be hereafter without a ſupernatu- 


rad power, could never be heretofore without the ſame power. 
Vol. IV. 841 You 
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nite ſpace, of ſome other figure than ſpherical, would not, in 


L E TT E AN S, e. | 
You queried whether matter, evenly ſpread throughout à 6. 


falling down towards a central body, cauſe that body to be of the 
ſame figure with the whole ſpace; and I anſwered, yes. But in 
my anſwer it is to be ſuppoſed that the matter deſcends directly 
downwards to that body, and that that body has no diurnal ro. 
tation. e 26h e Nb 

This, Sir, is all I would add to my former letters. 


* 


I am yours, Sec. 


C O M M E R C IU M 


E P +: eee iG: W --M 


D E 


VARIA RE MATHEMATICA, 


1 9, 1 & © 


CELEBERRIMOS PRASENTIS SECULI MATHEMATICOS, 


VIZ 


Iſaacum Newtonum Equitem Auratum, 
D. Ifaacum Barrow. 

D. Jacobum Gregorium. 

D. johannem Walliſium. 

D. J. Keillium. 


| 


| 


4 


| 


| 


D. J. Collinium. 
D. Gulielmum Leibnitium. 
D. Henricum Oldenbourgum. 


D. Franciſcum Sluſium. 


5; 


JUSSU SOCIETATIS REGILA IN LUCEM EDITUM 


E T 


Una cum Recenſione præmiſſà inſignis Controverſiæ inter Leib- 
nitium & Keillium de primo Inventore Methodi Fluxionum; 
& Judicio primarii, ut ferebatur, Mathematici ſubjuncto, 


1A M 


iterum impreſſum. A. D. 1725. 


2 


A D 
wow wr F 


UM primum Commercium Epiſtolicum Iucem vidit, D. Leibnitius: 
Vienne agens, ut librum fine reſpon/o dimitteret, pratendit per 
biennium ſe eundem non vidiſſe, ſed ad judicium primarii Matbe- 
matici, & barum rerum peritilimi, & d partium fiudio alieni ſe 
provocayſe. Et fententiam ejus, 7 Jun. 1713, datam, /chedule vo- 
lanti 29 Julii date incluſam, per orbem ſparſit, ſine nomine vel 
Fudicis, vel Impreſſoris, vel Urbis in qud impreſſa fuit. Et ſub finem 
anni 1715, in Literis quas ad Abbatem de Comitibus tunc Londini. 
agentem ſcripſit, confugit ad 2uaſiiones novas de 2ualitatibus occul- 
tis, gravitate univer/alt, Miraculis, Organis & Senſorio Det, ſpatio, 
Fempore, Vacuo, Atomis, Perfectione mundi, & Intelligentid ſu- 
pramundand; & Problema ex Adulis Eruditorum deſumptum pro- 
poſuit ab Analy/tis Anglis ſolvendum. Que omnia ad rem nil 
Hpedlant. | | 
Sd & Con ſeſſum a Regid Societate conflitutum; qui Commer= 
dium ex antiquis monumentis ediderant, accuſavit, quaſi partibus 
Audulſſent; &, literas antiquas edendo, omiſiſſent omnia qua vel pro 
1/0, vel contra Newton um facerent. Et ut hoc probaret, ſcripſit 
1 in pr imd ſud ad Abbatem epiflold, quod in ſecuncio ſuto in Angli-- 
an itinere, Collinius Menderit ipſi partem Commercii ſui; in qud 
Newtonus agnoſcebat ignorantiam ſuam in pluribus, dicebatque 
1 | (inter; 


PRAFATIO 'RECENSIONIsS 


inter alia) quod nibil invenifſet circa dimenſiones Curvilinearum, 


gue celebrantur, prater dimenſionem Cifſb1dts : ſed Conſeſſus bog y. 


tum ſuppreſfit. Et Newtonus, in Epiftold ſud ad diftum Abbatem 


26 Feb. 174 datd, reſponart,' bor non fuiſe omiſſum, ſed extare 
in Epiſtold ſud ad Oldenburgum 24 Octob. 1676 nid, & impreſ. 
ſum fuiſſe in Commercio Ep! NMolico pag. 74, lin. 10, 11. E- ſubs 
inde Leibnitius, in proximd /ud ad Abbatem illum Epiftold Apr. 9, 
1719 data, agnovit ſe erralle, Sed, inquit, exemplum dabo ali. 
ud, Newtonus in una Epiſtolarum ejus ad Collinium agnovit, fe 
non poſſe invenire magnitudinem ſectionum ſecundarum (ye 
ſegmentorum ſecundorum) ſphæroidum & corporum ſimilium: 


ſed Conſeſſus hunc locum, vel hanc Epiſtolam, minime edidit. 
Newtonus autem, in Obſervationibus quas in vanc Leibnitii Epilo- 


Jam ſcripſi ty reſpondit : fi Conſeſſus hoc ommiſiſſet, reciè omnino omiſ- 
ſum fuiſſe, cum hujuſmodi Cauiliationes ad 2ua/tionem, de gud apitur, 
nil ſpeftent : ſed Conſeſſum hoc minime omiſiſſe. Collinius, in Epi- 
old ad D. Gregorium 24 Decem. 1670, wt & in alterd ad b. 
Bertet 1671 (utriſque impreſſis in Commercio, p. 24, 26) ſcripſit 
quod Metbhodus Newtoni /e extenderet ad ſecunda Solidorum ſegmen- 
ta, que per rotationem generantur. Et Oldenburgius idem ſcripſi 
ad Leibnitium zþ/um 8 Dec. 1674, ut wvidere &ft in Commercio, 
pag. 39. Leibnitius i7itur iterum erravit. Nam & in Tran 


aAclionibus Philoſophicis pro Jan. & Feb. 1718, pag. 925, dicitur 
quod Abbas de Comitibus per horas aliquot inſpexit Epiſtolas anti- 


quas, & Libros Epiſtolarum in Archivis R. Societatis aſſervatos, ut 
aliquid inveniret, quod vel pro Leibnitio, vel contra Newtonum fa- 
ceret, & in Commercio Epiſtolico omiſſum fuiſſet; bed ejus ge- 
neris nihil invenire potuit. | 

Inſuper D. Leibnitius, at Commercium „ Epi zan * ne reſponſꝰ 
dimitteret, in primd ſud ad Abbatem de Comitibus Epiſtold dini, 


£05, qui contra ipſum ſcripſiſſent (id eft Conſelſium a Regia Societal? 


conſtitutum) candorem ejus aggreſſos eſe per interpretationes duras 


& male fundatas, & voluptatem non habituros He videndi reſpon- 
fa ejus ad puſſllas rationes eorum, qui its tam male utuntur. Init 
pretationes i/le nullius quidem ſunt auctoritatis, niſi quam ab Epiſ- 
tolis derivant; ſed male funaatas je Leibnitius aunquam ofiendi. 


Subjnde 


COMMERCII EPIS TOL ICI. 
Fdußbinde vero Newtonus, qui agre adducius g ut ſcriberet, in 
primd ſug ad Abbatent Epiftold 26 Feb. 17 14 ita reſcripſit. D. Le- 
i#1tius hactenus reſpondere recuſavit, bene intelligens impoſſi- 
ile eſſe res factas refutare. Silentium ſuum hac in re excuſat, 
prætexens ſe librum nondum vidiſſe, & otium illi non eſſe ad 
examinandum, ſed ſe orafte Mathematicum celebrem, ut hoe ne- 
gotium in ſe ſuſciperet. Utitur & novo prætextu ne reſpondeat, 
dicens quod Angli voluptatem non habebunt videndi reſponſa 
e jus ad puſillas eorum rationes, & proponens diſputationes novas 


philoſophicas ineundas & problemata ſolvenda: quæ duo ad rem 


nil ſpectant. D. Leibnitius autem, in proximd ſud ad Abbatem 
Epilold ꝙ Apr. 17 16 datù, per gebat ſe excuſare ne reſpondeat. Ut 
operi, inquit, contra me edito ſigillatim reſpondeam, opus erit 


alio opere non minore quam hoc eſt; percurrendum erit corpus. 


magnum minutorum ante annos 30 vel 40 preteritorum, quo- 
rum perparvum reminiſcor; examinandæ erunt veteres epiſtolæ, 
quarum plures ſunt perditæ; præterquam quod maxima ex parte 
non conſervavi minuta mearum, & reliquæ ſepultæ ſunt in maxi- 
mo chartarum acervo, quem non poſſum ſine tempore & pati- 
entia diſcutere. Sed otium mihi minimè ſuppetit aliis negotiis 
alterius prorſus generis occupato. Ez paulo pot : literas truncare 
non debuerunt. Nam parvum eſt inter chartas meas, vel cujus 
minuta mihi relinquuntur. Sic omnibus perpenſis, videns tan- 
das malignitatis & fallaciæ notas, credidi indignum eſſe me in- 


gredi diſcuſſionem cum hominum genere, qui ſe tam malè gerunt. 


Sentio quod in tis refutandis difficile fuerit ab opprobriis & ex- 
preſſronibus aſperis abſtinere, talibus quas eorum facta meren- 
tur; & non cupio hujuſmodi ſpectaculum exhibere publico, in 
mimo habens tempus meum melius impendere, quod mihi pre- 
tioſum eſſe debet, & contemnens judicium eorum qui ſuper tali 
opere ſententiam contra me pronunciare vellent; præſertim cum 
Societas Regia hoc facere noluit. Hæc Leibnitius. Vuſlioneni 
- primam deſerit rixando, & NAuœfiones novas proponit. 

Aitamen poſt ejus mortem, que contigit proximo Men/e Novem- 
bris, in Elogio gjus quod in Acts Ernditorum pro Menſe Julio anni. 
1717 imbreſſumfuit, amici ejus [cripſerunt eum Commereio E piſ- 
tolico Anglorum quoddam ſuum idemque amplius opponere de- 
. creviſſe: 
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PR . FAT IO RECEN;SIONI1S 


illum non aliud abu! i/ſe Co nunercium Epiſiolicum, quod ederet. 
inventum novum, his nibil affine habens, ad rem nibil ſpectat. 


Soluliones Problematum maximd ex parte lucem viderunt in 


mga qui de pig rebus FJuUdICArE pogent, neque profiant venalid. 


dęgrorum jomnus, Qucſtio lola ad epiſtolas antiquas referri debet. 
Lnitio ſecunde ad Abbatem ae Comitibus Epi/iole, D. Leibnitiug 
prima Newton Epiftolam Vocauit ſpeciem chartæ provocatoriæ 
ex parte Newtoni : dein addidit; in arenam deſcendere nolui con- 
tra ejus milites emiſſarios, ſive intelligas accuſatorem ſupra fun- 
damentum Commercii Epiſtolici, five præfationem ſpectes acri- 
moniæ plenam, quam alius quidam nove Principiorum editioni 
præmiſit: ſed cùm is per ſe jam lubens apparebit, paratus ſum 
ipſi ſatisfactionem dare. E- Newtonus reſpondit, D. Leibnitium 
literas & chartas antiquas ſeponere, & ad quæſtiones circa philo- 
ſophiam & res alias confugere. Et magnum illum Mathemati- 
cum, cui fine nomine, ut judici, epiſtolam 7 Jun. 1713 datam at- 
tribuerat, jam velo ſublato ut militem in hac rixà pro ſe indu- 
cCere, mathematicos in Anglia provocantem ad problemata ſol- 
venda ; quaſi duellum [un Leibnitio ſcilicet] vel forte prælium 
cum exercitu diſcipulorum ejus | quos Jactat) methodus eſſet ma- 
gis idonea ad veritatem dirimendam, quam diſcuſſio veterum & 
authenticorum ſcriptorum, & Matheſis factis heroicis, vice ratio- 
num ac demonſtrationum, abhinc implenda eſſet. Hic rationes ac 
demonſirationes alludunt ad argumenta e [criptis veteribus deſumſ- 
ta, & fatta hberoica ad Contentiones Pouloſapbicas & problematicas 
ad rem nil ſpeclantes, ad quas D. Leibnitius & prioribus aufugit. 
Qu nove Principiorum editioni premiga ſunt, Newtonus non 
vidit, antequam Liber in lucem prodiit. Au de Quaſtionibus Pin 
ſopbicis diſputata ſunt, D. Des M aizeaux collegit, & in lucem edidit. 
Actis 
Hruditorum. Hac omnia ad rem nil ſpeclant. Commercii Epilo- 
lici exempla lan tum pauca impreſu fuerunt, & ad Mathematics 


creviſſe: & paucis ante obitum diebus Cl. Molſio ſignificiſſe ſe 
Anglos, famam ipfius laceſſentes, reipſa refutaturum. Quampri- 
mum enim A laboribus Biſtoricis vacaturus ſit, daturum ſe ali- 
quid i in Analyſi prorſus inexpectatum, & cum inventis que hac- 
tenus in publicum proſtant, ſive Newtoni, Ave aliorum, nihil 
quicquam affine habens. Hac ili. Verum ex jam dachi patet, 


Kt - | 


Miſis 


* 


Ideo- 


gue 


2 I RB. ſe — 


C OMMERCII EPISTOLICI. 

que hune Librum, ut & ejus Recenſionem que in Tranſacnonibus 
Philoſophicis ac Diario Literario, anno 171 5, anno & ſeptem vel 
90400 nenſibus ante obitum D. Leibnitii, impreſſu fuit, iterum im- 
primere viſum eft; ut hiſtoria vera ex antiquis monumentis deduc- 
ta, milſis diſputationibus que ad rem nil ſpectant, ad poſteros perve- 
nat; & /ic finis imponatur huic controverſic. Nam D. Leibni- 
tius 4 Qyafiione deſciſcens emortuus oft, & Judicium poſteris relin- 


quitur. 
Denique Fudicium primarii Mathematici ſubjunctum et, und cum 


tio, reſponſum eſſe, & ſcopum ejus fuiſſe tantum, at Commercium 
Epiſtolicum fine reſponſo aunutteretur. | 


notis; quibus pateat, eidem in Recenſi one pradicia, vivente Leibni- 


+49 


1 1 — 
- — = 8 
— — 2 — bs * A — — on _ — 7 
— ̃— ˙ ens | a 
2 - — _ — © 


1 
= 
ul 
” 
by 
= 
i Li \ 
on 
TN: 
* 8 
| 1 „5 
Lit 
wt 
! 
me 
Lk | 
; L 
{is 
| RI 
EARL 
| 1 
wu 
y \ 
i Io, Wl 
41 11 UNE 
Wit to 
1 } 41. 
14) ui 
L ene 
4 
„ WE 
PR 
j 4 ih 
1 TT 5 
j 7 
1 Ul 
' 19 
12 
7 
% 
it 1 
SA 
= 
lt 4 
Vt, \ 
PROS 
1 
110 WEL 
1 
1 FEELS. 
. $ 9 1 
11 e A 
| BY ll 
4 1 I! | , 
ine 
e 
| l 
oy i HH * 
11 i 
f 1 
FF 4 
[1 7 34 [3497 
4 
L i 
. ins ** 
{ i 145 | 
SIT: v6 
{ FSR-99 
17 6 
Tn ? - 
"IH, 4 
W444. 
' PP: tel - 
fi ff 
i 
* 75 J. 5 
: fob; 1 
„N. 
3 14.4 by 
? 5 7} 
q 530 Tu 
14 N 
1 f : 
11 
1 \ 
F ; ti i 
i i. 17 
ih * IF. 
' —_——_ 
[ ere 
"(1708 
HSE 
OE. 
| \., 12 
7 SIRE 7 
* 1 o in 
| U lt} q 
: 35 on 
SN 
5 4 
. „ 
| fy 
25 il hi 
$1 
i 75 
, 
L 
AE: N 
LR 
is 1, 
TH 
_ 
+ 
© 2a 
Wat, i 
j 
,3 
. 14 
FIR] 
vn 
| | 
. | N 


3 —— — 2s. 
—— — 4 
— — —— — 1 — —— 2 2 [Tg SORT = 
= — CN : — 5 2 2 — = PY 
— . ES eye 
—_ . 


[ 450 ] 


RECENSIO LIBRI 


Qui inſcriptus eſt Commercium Epitolicum Collinii & aliorum a: 


Analyli Promotd, & publicatus eſt juſſu Regiæ Societatis Lon- 


dinenſis, circa controverſiam inter D. Leibnitz & D. Keill, de 
primo inventore Method! Fluxionum, five, ut nonnulli appel- 
lant, Metbodi Diferentialis : Anglicè primum edita in Actis 
Regiz Societatis, A. D. 1715, & Gallice eodem anno in Dia- 
rio Literario Tom. VII. nunc ex Anglico in Latinum verſa, 


UM variæ Relationes apud exteros de Commercio hoc publi- 
catæ ſint, mutilæ omnes & imperfectæ; viſum eſt ut ple- 
nior hæc, quæ ſequitur, Recenſio in publicum edatur. 
Commercium hoc contextum eſt ex variis epiſtolis chartiſque, 
in archivis Regiæ Societatis repoſitis ; quæ ſingulæ hic ſuo or- 
dine ac ſerie collocantur, & vel ex latinis fideliter tranſcriptæ 
ſunt, vel ex anglicis fideliter in latinum tranſlate : numeroſo 
Conſeſſu à Regia Societate deputato, ut & literæ originales in- 
ſpicerentur, & earum exemplaria examinarentur. Cæterùm 
hæc, de qua agitur, eſt methodus generalis reſolvendi finitas æ- 
quationes in infinitas, & applicandi æquationes illas, tam ſinitas 
quam infinitas, ad ſolutionem problematum, per methodum 
Fluxionum & Momentorum. Primo autem diſſeremus de ea Me- 
thodi parte, que conſiſtit in reſolvendo finitas æ quationes in in- 
finitas, & ea ratione quadrando figuras curvilineas. Per infint- 
tas æquationes intelliguntur ille, que involvunt ſeriem termi- 
norum convergentium, & ad veritatem propiùs propiuſque acce- 
dentium in infinitum; ita ut poſtremò à veritate diſtent minus ulla 
data quantitate; &, fi in infinitum continuentur, nullam ammo 
differentiam relinquant. 


Walliſius 


„ a9. Mew 


COMMERCII-EPISTOLICT. 
Wallifius in opere ſuo arithmetico, i A. D. 1657. Cap. 
33. prop. LXVIII. reduxit refractionem — K per perpetuan diy1- i 


ſionem, in ſeriem A+AR+AR*+AR*+ Ane + Kc. 
* Brounker quadravit hyperbolam per hanc ſeriem 
1 


+ 7 + of + =— &c. hoc eſt per hanc 1-5 +; 7 $6: fot - © an 
$6072 


: + Kc. ends ſingulos binos terminos in unum. Et hc 
quadratura publicata eſt in Actis lein Societatis, menſe Aprili 
1668. 
Paulo poſt Dominus Mercator evulgavit demonſtrationem hu- 
jus quadrature per diviſionem Domini Walliſii; & deinceps haud 
multo poſt Jacobus Gregorius geometricam ejuſdem demonſtratio- 
nem in lucem edidit. Hi libelli, paucis poſtquam editi ſunt men- 
ſibus, Cantabrigiam miſſi ſunt ad Dominum Barrovium per Do- 
minum Johannem Collins; & per Barrovium traditi Iſaaco New- 
tono tunc Cantabrigiæ degenti, utpote Collegii S. Trinitatis Socio, 
(nunc autem Londini Equiti Aurato) menſe Junio 1669. Hac 
occafione, Barrovius viciffini Collinio miſit tractatum Newtoni, qui 
inſcribebatur Analyſis per aquationes numero terminorum infinitas. 
Is tractatus in Commercio Epiſtolico agmen ducit, continetque uni- 
verſalem methodum id in omnibus figuris faciendi, quod vice- 
comes Brounker & Mercator in ſola hyperbola fecerant. Porro 
Mercator, per annos ſexdecim adhuc ſuperſtes, nihil tentavit aut 
progreſſus eſt ultra ſolam illam hyperbole quadraturam. Illa vero 
| Newtoni per omnes figuras progreſſio ſatis oſtendit, nihil eum in 
ea re Mercatoris opera aut ope indiguiſſe. Ne tamen litiget quiſ- 
quam, aut cavilletur; concedit Newtonus & Brounkerum inveniſſe, 
& Mercatorem demonſtràſſe, ſeriem illam pro hyperbola quadran- 
da, annos prius aliquot quam in publicum ederent ; & proinde 
prius quam Newtonus generalem ſuam methodum inveniſſet. 

De tractatu iſto qui inſcribitur Analyſis, &c. Newtonus in epiſ- 
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Commerce, . 


Epiſt. Ne I. 


tolà ad Oldenburgium mifla, datique 24 Ocjob. 1676, hc verba lb. NeLVII. 


habet, que ſequuntur : Eo iſo tempore quo Mercatoris Logarith- 
* motechnia prodiit, communicatum eſt per amicum D. Barrow 
une Matheſeos profeſſorem Cantab.) cum D. Collinio Compendi- 
um quoddam harum ſerierum, in quo fignificaveram areas & lon- 

* giludines Cure varum oninium, & Solidorum ſuperficies & contenta 
M m m 2 *0X 
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© 2x datis reclis; &, vice ver/d, ex bis datis reclas determinayi þo Ter 
& methodum indicatam illuftraveram diverſis ſeriebus* Hujus 
porro ſerierum compendii certiores fecit Collinius Jacobum Greg. 
rium Scotum, Dominos Bertet & Vernon apud Gallos, Alphonſum 
Borellum Italum, Dominos Strode, Townſend, Oldenburg, Dary, 
alioſque apud Anglos, varlis epiſtolis datis ann. 1669, 1670, 
r 671 & 1672, ut ipſæ epiſtolæ adhuc teſtantur. Ipſe præterea 
XXII xXXIIl, Oldenburgius communicavit eandem Analyſin cum D. Franciſco 
8 Sluſio, Leodii tum agente, & ex ea aliquot ences citavit; literis 
datis 14 Sept. 1669, & in librum Regiæ Soc. epiſtolarem tran- 
ſcriptis. Porro Collinius in epiſtola ad Jac. Gregorium, 25 

Ib. No xIV. Novemb. 1 669, fic de methodo in Analyſi 18a contentà loquitur, 
© Barrovins provinciam ſuam publicè prælegendi remiſit cui- 

dam nomine Newtono Cantabrigienſi; cujus, tanquam viri acu- 

« tiffimo ingenio præditi, in præfatione Prælectionum Opticarum 

© meminit. Quippe antequam ederetur Mercatoris Logarithmo- 

© technia, eandem methodum adinvenerat, eamque ad omnes 

« Curvas generaliter, & ad circulum diverſimodè applicarat,” Lite- 

th. N* ris verd ad D. Davidem Gregorium datis 11 Aug. 1676, his verbis 
XLVII. : : e lee 5 . 
| de ea loquitur : © Paucos poſt menſes quam editi ſunt hi libri (viz. 

© Mercatoris Logarithmotechnia, & Exercitationes Geometricæ Gre- 

gorii) mif ſunt ad Barrovium Cantabrigiæ. Ille autem re- 
ſponſum dedit, hanc infinitarum ferierum doctrinam à Newtono 

© biennium ante, exeogitatam fuiffe, quam ederetur Mercatorts Lo- 

« garithmotechnia, & generaliter omnibus figuris applicatam; fi- 

« mulque tranfmiſit D. Newtont opus manuſcriptum.“ Horum 

autem librorum poſterior prodiit circa finem anni 1668 ; Barro- 

15. Ne I. vius vero dictum ſerierum compendium Collinio miſit, Julio inſe- 
10. N xx lv. quente; ut ex tribus ejus epiſtolis eonſtat. Collinius porro, in I- 
teris ad D. Strode 26 Julii 1672, fic de eo compendio ſcribit: 
Exemplar ejus (Logarithmotechniæ) miſi Barrovio Cantabrigiam, 
qui quaſdam Newtoni chartas extemplo remiſit; è quibus & 
« aliis, qu prius ab auctore cum Barrovio communicatæ fuerant, 
© patet illam methodum a dicto Newtono aliquot annis antea exco- 
gitatam, & modo univerfali applicatam fuiſſe. Ita ut ejus ope 
© in quàvis figura curvilineà propoſita, que unà vel pluribus pro- 
prietatibus definitur, quadratura vel area dictz figure, a 
C {1 
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ſi poſſibile fit, ſin minus infinitè vero propinqua, evolutio vel 
(Jongitudo line curve, centrum gravitatis figure, Solida ejus 
rotatione genita, & eorum ſuperficies, ſine ulla radicum extrac- 
 tione obtineri queant. Poſtquam intellexerat D. Gregorius hanc 
© methodum, a D. Mercatore in Logarithmotechnia uſurpatam, & 
chyperbolæ quadrandz adhibitam, quamque adauxerat ipſe Gre- 
© gorius, jam univerſalem redditam eſſe, omnibuſque figuris ap- 
plicatam, acri ſtudio eandem acquiſivit, multumque in ea eno- 
dandà deſudavit. Uterque D. Newtonus & Gregorius in animo 
© habent hanc methodum exornare: D. Gregorius autem D. New- 
tonum primum ejus inventorem anticipare haud integrum ducit.” 
In alia vero epiſtola, ad Oldenburgium ſcripta & cum D. Leibnitio 
communicanda, datique 14 Jun. 1676, hæc memorat Collinius: ib. Ne XLV. 
Hujus autem methodi ea eſt. præſtantia; ut, cum tam late pa- 
* teat, ad nullam hzreat difficultatem. Gregorium autem aliof- 

que in ea fuiſſe opinione arbitror, ut quicquid uſpiam antea de: 
hac re innotuit, quaſi dubia diluculi lux fuit, ſi cum meridiana 
( claritate conferatur. 

Porro hic Newtoni tractatus primum ty pis editus eſt à D. Guli-- A. D. 1710. 
elmo Jones, qui apographum ejus repperit in ſcrinus Collinii, ip- 6 
fius manu ſcriptum ; & poſtea cum originali contulit, a D. New- 
tono mutuato. Continet autem prædictam generalem methodum 
Analyſeos, monſtrantem quomodo reſolvendæ ſunt finitæ æqua- 
tiones in infinitas; utque, per methodum momentorum, applican- 
de ſunt æquationes, tam finite. quam infinite, ad omnium proble- 
matum ſolutionem. Incipit vero, ubi finem fecit Walliſius, & 
methodum quadraturarum ſuper tres regulas ſtruit. 

Walliſius anno 16:55, Arizhmeticam ſuam Infinitorum in lucem 
dedit; per cujus libri Prop. LIx. fi abſciſſa cujuſvis curvilinearis 
figure vocetur x, & 1 atque mn ſint numeri, & ordinatæ ad rectos 


m —.— 


angulos erectæ ſint x"; area figure exit — —_—_— Xx Atque hoc ib. Neil. 


aſſumitur à D. New tono, tamquam 8 8 ſuper quam. 
fundat ſuam Curvarum quadraturam. Walliſius autem propoli- 
tionem hanc demonſtravit gradatim, per multas particulares Pro- 
Politiones ; tandemque omnes in unam collzgit per tabulam ca- 
tuum. NEN tonus Vero. omnes caſus in unum reduxit, per digni- 
taten 
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Ib. No III. 


Ib. No IV. 


Ih. No 
XLVIII. 


Ib. No LV. 


Ib. Ne IV. 


.. 


& Leibnitio tranſmiſſà, modum docuit reducendi quamlibet digni- 


ejus ope reductionem fractionum & furdarum in ſeries conver- 


" 1chdo abſciflam uniformiter creſcere in pr oportione 7 ad tempus- 


RE: CB NS IMG 
tatem cum indefinito indice: & ſab extremo Compendii, ſemel fl. 
mulque demonſtravit per methodum ſuam momentorum; Pri. 
muſque indefinitos dignitatum indices in operationes analyſevs; in- 
troduxit. e | 

Ceterum per cCviii Propoſitionem Arithmetice Tnfinitorum 
Walliſſi, perque plures alias propofitiones que ſequuntur; ſi Or- 
dinata compoſita fuerit ex duabus vel pluribus ordinatis cum ſig- 
nis ſuis + & = acceptis, Area compoſita erit ex duabus vel pluri- 
bus areis cum ſignis ſuis + & — acceptis reſpective. Atque hoc 
à D. Newtono affiitnitur, tamquam regula ſecunda, ſuper quam 
inſtituit ſuam quadraturarum methodum. 

Tertia vero regula eſt, ut reducantur fractiones & radicales, & 
affectæ radices æquationum in ſeries convergentes, cum quadra- 
tura non aliter ſuccedat: & ut per regulas primam ac ſecundam 
quadrentur figur, quarum Ordinatæ ſunt ſinguli termini ſerierum. 
Newtonus, in epiſtola ad Oldenburgium fſcripti 13 Jun. 1676, 


tatem cujuſhibet binominalis in ſeriem convergentem ; & per 
eam ſeriem quadrandi Curvam, cujus Ordinata eſt illa dignitas, 
Et à D. Leibnitio rogatus, ut fontem hujus theorematis explicare 
vellet, reſcripſit per epiſtolam datam 24 OH. 1676; le paulo 
ante peſtem, que Londini graſſabatur anno 1665, cum legeret 
Arithmeticam Infinitorum Wallifii, cogitaretque de interpolanda 
ſerie x, - , 443 + F, X=3x*+ =, Kc. inveniſſe are- 
1 


0 ä 2 1 As I $1 3 | 
am circuli eſſe æ 25 _ 45 fo - = &c. & perſequendo metho- 


dum interpolationis, ſe prædictum theorema excogitaſle ; atque 


gentes, per diviſionem & radicum extractionem, inveniſſe; ac 
tum ad afſectarum radicum extractionem perrexiſſe. Atquæ hæ 
reductiones regula ſunt tertia. 

Cum in hoc ſerierum compendio trinas has regulas explicuiſ- 
ſet Newtonus, variiſque exemplis eas illuſtrafſet; deſignavit is ide- 
am deducendi aream ex ordinata, conſiderando aream tamquam 
quantitatem naſcentem, & augeſcentem five creſcentem per Auxio- 
nem continuam, in proportione longitudinis ordinatæ, & ſuppe- 


Atque 
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atque ex momentis temporis, nomen Momentorum indidit mo- 
mentaneis augmentis, five partibus are atque abſciſſœ, infinite 
parvis, quæ in momentis temporis generantur. Momentum li- 
net punctum vocavit, ex mente Cavallerii; quamvis non ſit punc- 
tum geometricum, ſed lineola infinite brevis: momentum au- 
tem areæ vel ſuperficiei vocavit lineam, ſecundum eundem Ca- 
vallerium; licet non fit linea geometrica, ſed ſuperficies latitu- 
dine infinite exili. Cumque Ordinatam conſideraret tanquam 
momentum areæ, eo nomine intellexit rectangulos ſub geome- 
trick Ordinatà & momento abſciſſæ; licet illud momentum non 


ſemper exprimatur. Sit ABp, inquit, Cura quevis, & AHK B 


reclangulum, Ccujus latu AH, vel KB, E unitas, Ft 
coęita rectam DBK, uniformiter ab An, motam areas 
ABD & Ak deſcribere : & quod [rea] BK (1) /it 
momentum quo [area] Ak (x), & Irecta] BD () no- 
] mentum quo [curvilinea] ABD gradatim augetur: & 
quod ex momento BD, perpetim dato, palſis per præcedentes [tres re 


gulas aream ABD, ipſo deſeniptam, inveſtigare; ive cum ared AK (x),. 
momento 1 deſcriptd, conferre. Hæc Newtoni idea eſt operationis- 
in curvis quadrandis : quoque modo hanc ad:alia problemata ap- 


plicet, in verbis proxime ſequentibus monſtrat : jam, inquit, gud 


ratione ſuperficies ABD, ex momento ſuo perpetim dato, per praeceden- 


tes [tres] regulas elicitur, eddem qualibet alia quantitas ex monmen- 
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to ſuo fic dato elicietur. Exemplo res fiet clarior. Caterum polt h. Ne *, 


aliquot exempla, methodum addit regreſſionis ab areà, arcu, ſo- 
lidove contento ad abſciſſam; docetque ut eadem methodus ex- 


tendat ſe ad Curvas mechanicas, determinando earum ordinatas, 


tangentes, areas, longitudines, &c. Utque aſſumendo quamvis 
Equationem exprimentem relationem inter aream abſciſſamque 
Curve, per hanc methodum invenias Ordinatam. Atque hoc eſt 
tundamentum methodi fluxionum & momentorum, quod New- 


wnus, in literis datis 24 Oc. 1676, bac ſententia comprehendit :. 


A p By * a . 
Data equatione quotcungue fluentes quantitates mootvente, invenire 
fuxiones; & vice verſd. 


XII. 


In hoc Commpendio uniformem fluxionem temporis, vel cujuſvis h. xe x, 
4 5 . . 1 ; ATE 
exponentis temporis, per unitatem repreſentat Newtonus; momen- 


verò 


tum autem temporis, vel exponentis ſui, per literam o; fluxiones 
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momento temporis vel ejus exponentis, aut cujuſvis quantitatis 


Ip. No XII. 


Ib. NX XVI. 


triam veterum, in finitis figuris five ſchematibus, ſine ulla approxi. 


thodum ſolvi. Ex quibus manifeſtum eſt, ſe jam tum ſuam me- 


R N36 40 
vero aliarum quantitatum, per quævis alia ſymbola; ac moment; 
earum quantitatum, per rectangulos ſub illis ſymbolis & liter, 0: 
aream porro Curvarum, per ordinatam in quadrato incluſam; ar 
pro fluente, & ordinata pro ejus fluxione poſitis. Cum autem 
propoſitionem aliquam demonftrat, literam o adhibet pro finito 


uniformiter fluentis; totamque calculationem abſolvit per geome- 


matione : & cum primum calculatio peracta eſt, & æquatio re- 
ducta, ſupponit momentum o decreſcere in infinitum, atque eva. 
neſcere. Cum vero non demonſtrat, ſed ſolum inveſtigat propo- 
ſitionem; quo citius rem conficiat, ſupponit momentùumo eſſe 
infinite parvum, & in ſcribendo illud negligit, omnibuſque ap- 
proximationum modis utitur, quos nullum in concluſione erro- 
rem parituros autumat. Prioris generis ſpecimen habes ſub fi- 
nem Compendii, ubi primam trium illarum regularum, quas ini- 
tio libri poſuerat, erat demonſtraturus. Secundi generis exempla 
ibidem habes; cum invenit curvarum linearum longitudinem þ, 
15*; & cùm eruit ordinatas, areas, & longitudines Curvarum me- 
chanicarum þ. 18, 191: narratque, qua via per eandem metho- 
dum tangentes duci poſſint ad Curvas mechanicas, p. 19. Atque 
in epiſtola data 10 Deceimb. 167 2, addit, problemata de curvaturi 
Curvarum, ſeu geometricarum ſive mechanicarum, per eandem me- 


thodum ad ſecunda ac tertia momenta extendiſſe: cùm enim areæ 
Curvarum conſiderantur tamquam fluentes, ut in hac Analyſi fieri 
ſolet, ordinate exprimunt fluxiones primas; tangentes autem 
datæ ſunt per fluxiones ſecundas, & curvaturæ per tertias. Et 
vel in Analyſi hac p. 168. ubi Newtonus ait, Momentum e/t ſuperfi- 
cies, cum de Solidis; & linea, cum de ſuper ficiebus ; & punddum, 
cum de lineis agitur; perinde eſt ac fi dixiſſet, cum Solida conſi- 
derantur tamquam fluentia, eorum momenta ſuperficies ſunt; & 
eorum momentorum momenta, vel ſecunda momenta, lineæ ſunt; 
& horum momentorum momenta, five tertia momenta, puncta 
ſunt, ſecundum ſententiam Cavallerii: atque in Princip! ſuis 
Pbiloſophiæ, ubi frequenter conſiderat lineas tamquam fluentes, 4 
punctis deſcriptas, quorum velocitates creſcunt vel decreſcunt, 


* Tom. I. p. 275. + Tom. I. p. 278, 279. + Tom, I. p. 279. § Tom. I. p. 15. 
velocitates 
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velocitates ſunt fluxiones prime ; & earum incrementa, ſecundæ. 
Ac problema illud, Datd æquatione fluentes quantitates involvente, 
fluxiones invenire, & vice ver/a, ad fluxiones omnes pertinet; ut 
| conſtat ex ſolutionis ejus exemplis a Walliſio publicatis, Tom. II. 
| operum ſuorum, p. 391, 392, 396. Quin & in Lib. II. Prin- 

6 cipiorum Philgſophiæ, Prop. x1v. differentiam ſecundam Newtonus 
| appellat differentiam momentorum. 
| Quoque melius intelligas, quo calculationis genere Newtonus 
uſus fuerit anno 1669, vel ante, cum hoc analyſeos ſuæ compen- 
E dium ſcripſit; ponam hic ejus demonſtrationem prime — re- No xll. 
| gulz, CE" memoratæ. 
| Sit Curve alicujus, aDd, baſis ABS; per- 
« pendiculariter applicata BD=y; & area ABD 
S2, ut prius. Item fit B6=0, BK S, & 
rectangulum HER (ov) æ quale ſpatio BG. 
| © Eſt ergo AG o, & AdG ST. His 
Om præmiſſis, ex relatione inter x & 2, ad ar- 
8 Of bitrium ge quzro y; ut ſequitur. Pro 
lubitu ſumatur [æquatio] 2xi=s, five * . Tum x+0 
( ah) pro x, & $+0v (A096) pro 3 ſubſtitutis, prodibit 4 in x3 + 
© 3xx0 + 3x00+0* = (ex natura Curve) 2*+ 2204+0%*, Et ſublatis 
g & 22 æqualibus, reliquiſque per o diviſis, reſtabit in 3x*+ 
' 3X0+0*=2S$V +0v*, Si jam ſupponamus B{& in infinitum dimi- 
* nm, & evaneſcere, ſive o eſſe nihil; erunt v & y æquales, & ter- 
* mini per o multi plicati evaneſcent; ideoque reſtabit *x 3xx=22v, 
* tive z (= 2p) * five & (=== y. Quare contra, ſix , 
* exit - 5 _— | 


— _ Bw sF 


; 5 4 5 __ 
Vel generaliter, ſi 112 ax = 2: ſive ponendo —— = c, 
* 


& M+R=þ; fi c 2, ſive Ca?=8"; tum x +0 prox, & 2$+0vV 

*. (five quod perinde eſt-2 T ) pro 3 ſubſtitutis, prodit c“ in a? + 

8 &c. & +:0p$", &c. reliquis nempe [ſerierum] ter- 
nie, qui tandem evaneſcerent, omiſſis. Jam ſublatis cx? & 
8 =qualibus, reliquiſque per o diviſis, reſtat * = Ny&" 


$00 nyc's 77 
= 4: five dividendo 22 -C "x, erit P | _ five 


— 
— — 
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cx u . | ca © 


vol. IV. Nun ; * Px 
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No xlv. 
KIX, XX. 


 Heque ordinate primam, ſecundam, tertiam, quartam, ons 


am communicandi licentia. Collinius autem facilhimus erat ac 


T 


— 757 


pc Q u] vel reftituendo - — * 5 & 11 ＋ 1 pro hoc eſt 


6 74 pro þ—n, & na pro fc, — axs = v. nn e. contra ſi aa F =}, 
6 erit ax =2: Q. E. D. 
mt + it 

Eidem operandi ratione, etiam regula ſecunda demonſtrari po- 
teſt. Et ſi quælibet æquatio aſſumatur, relationem exprimens 
inter abſciſſam & aream; ordinata.inveniri poterit eadem ratione; 
ut in proximis Analy ſeos verbis indicatur. Et fi illa ordinata, in 
unitatem ducta, pro area novæ Curve ponatur, novæ illius Curve 
ordinata elem methodo inveniri poteit ; atque ita in perpetuum. 


teſque fluxiones primæ areæ repræœſentant. 2» 
ec Newtoniana fuit operandi methodus, eo tempore quo com- 
pendium illud ſuæ Analyſeos ſcripſit: eaderaque methodo uſus ef 
in libro Quadraturarum, atque in hunc uſque diem adhuc utityr. 
-:30 exemplis, quibus methodum ſerierum & momentorum in 
Compendio hoc illuſtrat, hæc ſunt :. Eſto radius circuli 1; arcus, a; 
ſinus, x; æquationes pro inveniendo arcu, cuj us ſinus eſt datus, & 
ſinu, cujus arcus eſt datus, erunt 
SN T ZX Ts Ti +55 A + Kc. 


"YE Ys 1.1 5 2 
x = 23254 725 8 = 253552! + N Kc. 
Hujus methodi notitiam Collinius wo dedit ſub autumno 
anni 1669; ac Gregorius, ope unius ex ſeriebus Newtonianis, 
poſt integrum annuum laborem, methodum demum invenit De- 
cemb. 1670: & bimeſtri poſt tempore, in. epiſtola data 1 5 Feb. 
1671, varia theoremata, per eam reperta, Collinio miſit; data eti- 


communicandum quæcunque vel a Newtono vel Gregorio accepiſ- 
fet ; ut patet ex epiſtolis in hoc Commercio jam publicatis. In 
ſeriebus, quas in dictà epiſtola miſit Gregorius, he duæ ſunt: 
Eſto radius circuli 7; arcus, a; & tangens, 7: 2quationes, pro inve- 
niendo arcu cujus tangens data eſt, & tangente * arcus datus 
eſt, erunt he, 
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Eo ipſo anno 1671 D. Leibnitius duos tractatus edidit Londini; 
unum Societati Regiæ, alterum Academiæ Scientiarum Pariſenſi 
dedicatum; & in prioris dedicatione commercium maniac 

lare cum D. Oidenburgio memorat. 

Menſe Feb. 1673, cum, in ædibus D. Boyle, Lotbnitivs i in D. pel- No XXX. 
lum incidiſſet, ſibi arrogare viſus eſt differentialem methodum 
Moutoni: cumque Pellius oſtendiſſet methodum illam non novam 
eſſe, ſed Moutoni, Perſtitit nihilominus Leibnitius in vindicanda 
fi inventione illa; pre ſe ferens, ſuo ſe marte inveniſſe, Mou- 

toniani operis ignarum, multumque eam promoviſſe. 
Cum Newtoni ſerierum una Gregorio miſſa eſſet, tentavit ille 
cam deducere ex ſeriebus ſuis, inter ſe combinatis; ut ipſe in epiſ- 
tola narrat data 19 Decemb. 1670. Ac per ſimilem aliquam me- 

thodum Leibnitius, priuſquam Londino diſcederet, repperiſſe vi- 

detur ſummam ſeriei fractionum decreſcentium in infinitum, Ne xxx. 
quarum numerator eſt numerus datus, denominatores autem ſunt 
triangulares, vel pyramidales, vel triangulo-triangulares, &c. In- 

gens vero myſterium! De ſerie + +5 + 3+ ++ &c. ſubduc om- 

nes nn præter primum, & remanebit 1 (=I=;++=z3+z= 


17415 Kc.) = = + >= + — Kc. Et ab hic ſerie 
1 X 2 2X3 3X4 4X5 ; | 


deme omnes e excepto primo, & remanebit D = 


2 


NX 


. & c. Et a priore ſerie deduc omnes ter- 
2X3X4 3 * 4&5 1 


minos prœæter duos primos, & remanebit 22 T 3 7 + 
, + Kc. 


finem Febr. vel initium Mar 1 1075, Leibaitius Londino Re XXXT, 

relicto, Pariſios ſe contulit; & ad uſque menſem Junium ſequen- 

tem commercium cum Oldenburgio habuit: deinde Algebram & 
Geometriam ſublimiorem didicit, & menſe Julio anni 1674, Ne xxxII. 
commercium cum Oldenburgio renovavit; ſcribens ſe mirificum 
habere theorema, quod daret circuli, vel ejus ſectoris cujuſcunque, 

aream accurate in ſerie numerorum rationalium; Octobri autem 
inſequente ſcripſit, ſe inveniſſe circumferentiam circuli in ſerie 
ſimpliciſſimorum numerorum; & eadem ethodo (ſic enim theo- 

rema illud nominat) quemvis arcum, cujus ſinus datus ſit, poſſe in- 

Nun 2 | veniri 
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n 
veniri in ſimili ſerie, licet proportio ad totam circumferentiam ig- 
noretur. Theorema ergo iſtud hot efficiebat; ut inveniretur 
quivis ſector, vel arcus, cujus ſinus datus fit. IT 1gnota eſſet ar. 
cus proportio ad circumferentiam totam, theorema, ſive methodys 


iſta, tantummodo arcum exhibuit ; fin nota eſſet, etiam integram 


circumferentiam dedit: & proinde erat theorema prius illud ex 
duobus ſupradictis Newtoni. Demonſtratio vero hujus theorema- 
tis Leibnitio tum non innotuit. Quippe in epiſtolà datà 1 2 Maj; 
167, rogavit Oldenburgium, ut demonſtrationem ejus à Collinio 
ſibi pararet; eam ſignificans e per quam Newtonus id 
invenerat. | 

In epiſtolà a Collinio ſcriptà, dataque 15 Apr: 167 5 , Oldenbur- 
gius ad Leibnitium miſit octo ex Newtonianis & Gregorianis ſe- 
riebus; in quibus erant duæ ilhæ Newtont ſupradictæ, pro inve- 
niendo arcu, cujus ſinus datus eſt, & ſinu, cujus datus eſt arcus; 
duæque illæ Gregorii jam ante memoratæ, pro inveniendo arcu, 
cujus tangens data eſt, & tangentg cujus datus eſt arcus. Leib- 
nitius vero in reſponſo dato 20 Mar; 1675, ſe epiſtolam illam ac- 
cepiſſe his verhis confitebatur. Literas tuas multd fruge alye- 


| braicd refertas accepi; pro quibus tibi & aoctiſimo Collinio pratias 


ago. Cum nunc, præter ordinarias curas, mechanicis imprimis nego- 
tiis diftrahar, non potui examinare ſeries quas miſiſtis, ac cum meis 


comparare. Ubi fecero, perſcribam tibi ſententians meam nam 


aliquot jam anni ſunt, quod inveni meas vid quadam jic ſatis ſin» 
gUIATT. 


Nunquam tamen poſtea, vel * agnovit Leibnitius fe recepiſſ 


illas ſeries; vel indicavit, quà in re ſuæ ab illis differrent; vel un- 


quam ullas alias protulit, preter illas ab Oldenburgio miffas, aut 
ſeries numerales ex eis deductas in caſibus particularibus. Quid 
autem egerit cum Gregorii ſerie, pro inveniendo arcu cujus tan- 
gens data eſt, ipſe narrat in Actis Eruditorum menſis April. 1691, 
P. 178. Jam, inquit, anno 16735, compoſi glam habebam opuſcu- 
lum 2uadrature Arithmetice, ab amicis ab illo tempore lectum, Ge. 
Per theorema pro tranſmutandis figuris, firite illis Barrovit & 


Gregorii, jam tandem invenerat ſeriei hujus demonſtrationem; 


atque 


Cùꝭm hæc recenſio ſcriberetur, non agnoverat ; ſed anno ſubſequente, in epiſiola ad — 
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atque id erat Opuſculi iſtius. argumentum. Nondum tamen ac- 
quiſiverat cœterarum demonſtrationem; & occaſionem nactus hu- 
jus quoque expetendæ, ſequentem epiſtolam Oldenburgio ſcripſit 
12 Mali, 1676, Pariſiis datam: 
Cum Gregorius Mohr Danus nobis attulerit communicalam fbi No xIIv. 
3 dhciiſimo Collinio vgſiro expreſſionem rationis inter arcum & fi- 
num, per infinitas ſeries ſeguentes; poſito ſinu x, arcu 2, radio 1, 
8 + JN + £5X* + 557%! e & C. 
| * 8 S +555 B se S T es &c. 

Hic, INQUAM, cum nobis attulerit ille, que mibi valde ingenioſa 
videntur, & poſterior imprimis ſeries elegantiam quandam ſingula- 
' rem habeat : ideo rem gratam mihi feceris, vir clariſſime, fi demon- 
 frationem tranſmiſeris. Habebis viciſim mea, ab his longe diver/a, 
circa hanc rem meditata ; de quibus jam aliquot abhinc annis ad te 
perſcripfige credo, demonfiratione tamen non additd, quam nunc po- 
lo. Oro ut Clariſimo Collinio multam a me ſalutem dicas is fa- 
cile bibi materiam ſuppeditabit ſatisfaciendi defiderio meo. 
Hic, qui illud IN uA legerit, facile exiſtimaverit Leibnitium 
duas illas ſeries nunquam antea vidiſſe; verſaque ęjus circa bane - 
rem meditata prorſus aliud eſſe, quàm ſerierum unam, quas anno 
ſuperiore receperat ab Oldenburgio, demonſtrationemque iſtam, 
quam tunc expoliret, quantivis pretii fore; quippe quam pro 
Newtonianæ methodi munere & rid uo acceptiſſimum erat miſ- 
ſurus. N 
Hac epiſtola recepta, Oldenburgius Colliniuſque, literis ad : 
Newtonum ſcriptis, vehementer operam dabant, ut ipſe Newtonus 
methodum ſuam deſcriberet, Leibnitio communicandam. uam 
ob rem Newtonus epiſtolam ſcripſit, 13 Juni 1676 datam: in N xLVnI. 
qua eo modo ſerierum methodum deſcripſit, quo antea in ſupra- 
dicto compendio fecerat; hac. tamen differentià: hic fuſe deſcrip- 
ſit reductionem dignitatis binomialis in ſeriem; at reductionem 
per diviſionem, radicumque affectarum extractionem, leviter tan- 
tum attigit : illic reductionem fractionum & radicahum in ſeries, , 
per diviſionem radicumque extractionem, fuſe deſcripſit; at po- 
ſuit tantummodo duos primos terminos ſeriei, in quam dignitas 
binomialis reduci poſſit. Inter exempla, quæ epiſtola illa conti- 


ſam de Kilian ſegg, agnovit ſe tunc ab Oldenburgio accepiſſe [ Des E uis] ſerierum ſpecimina. 
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| Ne XLIX. nebat, erant ſeries pra inveniendo numero, cujus logarithmus fit 
datus, & pro inveniendo verſo ſinu, cujus arcus datus fit, x, 
epiſtola Pariſios miſſa eſt 26 Jun. 167 6, unà cum manuſcripto 
1 quodam Collinii, extracta wan continente ex epiſtolis Jacobi 

| | Gregori. | 
| N*xLVI, Gregorius enim prope finem anni i 4.694 diem ſuum obierat; 
Colliniuſque, exoratus a Leibnitio aliiſque ex Academia Scientia. 
rum, extracta ex ejus epiſtolis confecit; quæ adhuc extant ipſius 
Collinii manu exarata, hoc titulo : Extracla ex D. Gregori lite- 
715, D. Leibnitio commodanda, qui exorandus eft, ut cum uſus eu 
fuerit, tibi ea remittat. Parro hæc extracta ad Leibnitium miſſi 
fuiſſe, teſtis eſt ipſe Collinius, in epiſtola ad Davidem Gregorium, 
Jacobi 78 UXXOLITE fratrem, data 11 Aug. 1076; idque amplius 
conſtat ex Leibnitii Tſchurnhauſiique reſponſis. 1 
3 Leibnitii reſponſum, Oldenburgio miſſum datumque 27 Aug. 
j Ne LI, 1676, ſic incipit. Litere tuæ, die Julii 26 date, plura ac memo- 
rabiliora circa rem analyticam continent, quam multa volumina ſpiſa 
de his rebus edita. 9yare tibi pariter, ac clariſſimis viris Newtono 
dc Collinio, gratias ago, qui nos participes tot meditationum egregia- 
rum eſſe voluiſtis. Et prope finem epiſtolæ, poſtquam Newtonia- 
Ne LIII. næ epiſtolæ contenta enarraflet, ita pergit: Ad alia tuarum lice 
. venio, que docliſſimus Collinius communicare gravatus non 
. Vellem adjeciſſet appropinquationis Gregoriane lincaris demon- 
Arationem. Fuit enim his certe fludiis promovendis amplifimus. 
Reſponſum vero Tſchurnhauſii, datum 1 Sepz. 1676, cum New- 
N LV. toni de ſeriebus epiſtolam commemoriſſet, his verbis concluditur: 
Similia porro, que hac in re prafſtitit eximius ille geometra Gregorius, 
memoranda certe ſunt. Ft quidem eptime fame ipſius conſulturi 
a ſunt, qui, ipſius relicta manuſcripta luci publica ut exponaniur, ope- 
ram navabunt. In priore epiſtolæ parte, ubi de ſeriebus New- 
tonianis loquitur, ſe eas leviter percurriſſe dicit, viſurum fi forte 
in eis inveniret Leibnitii ſeriem pro circulo hyperbolave quadran- 
dis. Quod ſi in extractis Gregorianarum epiſtolarum eam inqui- 
WAS, ſiviſſet, repperiſſet utique in epiſtola 1 5 Feb, 1671, ſupra memo- 
rata. Quippe extracta illa, in quibus ea habetur 1 ſuper 

ſunt adhuc Collin manu ſcripta. 


Ouamquam 
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it Quamquam autem ſeriem illam, de quia agitur, jam bis ab Ol- 
0 dgenburgio Leibnitius accepiſſet, illam ipſam tamen, in epiſtola data 
0 27 Aug. 1676, velut ſuam Oldenburgio remiſit, quaſi munus &y7&- N* LIL 
di ny pro methodo Newtoni; pre ſe ferens, ſe jam triennio ante, vel 
amplius, amicis ſuis Pariſienſibus eam oſtendiſſe; hoc eſt, biennio 

1 prius quam eam accepiſſet in Oldenburgii epiſtola 15 Apr. 1675. 
. Atqui illo tempore ſeriem illam ſuam effe neſciebat; uti conſtat 24%: My 
I$ ex ipſius reſponſo 20 Mali 1675, ſupra citato. Fieri quidem 
7— potuit, ut Bondini eam acceperit, ac amicis Pariſienſibus often- 
N derit; trienniè prius quam Oldenburgio eam remiſerit: minime 
a tamen .conſtat; ſe ejus demonſtrationem tam mature nactum eſſe. 
, Yanc ubi primum reppererat, tunc demum in opuſculo ſuo eam 
18 exhibuit, cumque amicis communicavit: idque ipſe narrat conti- 

| giſſe anno 1675: Ind vero probandum & evincendum eft, ſe 
zo prius eam penes ſe habuiſſe, quàm ab Oldenburgio eam accepiſ- 
* ſet. Quippe in reſponſo ſuo ad Oldenburgium, nullam ex ſerie- 
a bus tune miſſis ſuam effe ſciebat ; celabatque ab amicis Pariſien- 
0 ſibus, ſe illam cum pluribus aliis ab Oldenburgio accepiſſe, ac 
” vidifſe ſe Gregorii epiſtolam, in qua: is Collinio eam miſerat, in- 
Y eunte anno 1671. N 125 
5 In eadem epiſtola; 27 Aug. 1676, poſtquam deſcripferat qua- 
UW draturam ſuam circuli hy perbolæque zquilaterz, hc addit Le- 
4 ihnitius: Fiction, ex leriebus regreſſuum, pro byperbold  hanc inveni, No LII. 
p Sit numerus aliquis, unitate minor, 1-m;-ejuſque logarithmus hyper- 
i bolicus,l. Erit in = . 1 &c. Sf numerusg 
'0 Þ. IX2 1X2X3, IX2X3X4 , . , 
; i major unitate, ut 1 u, lunc pro eo inveniendo mibi etiam pro- 
Mi uit regula, qua in Newtoni epiſiold expreſa eft < ſeilicet exit u 8 | 
: 5 + —— + = 1 &c. uod regreſſum em arcubus attinet; 
0  mecideram ego direcie in regulatn, qua ex dato arcu finum comple- 
a menti exbibet. Nempe ſinus complementi 1 1 + NN — &c. . 
. Sed poflea quoque deprebendi, ex ed illam nobis communicatam, pra 
” Mventendo ſinu reclo, qui eli — a 5 5 : _ — 2 &c. pe de- 
[+ monſtrari. ©, 


in his verbis Leibnitius ſibi laudem vindicat co-inventionis 
quatuor harum ſerierum: quamvis methodus eas inveniendi, ipſo 
expctente, 


464 


N LII. 


1 No LXI, 


Ne LXX. 


Ne L. 


Ne LXIV. 


h 
expetente, ad eum miſſa fuerit; quam tamen nondum intelli. 
gere, nec comprehendere poterat. In eàdem utique epiſtola 27 
Aug. 1676, orabat D. Newtonum, ut clarms eam explicaret. 
Verba ipſius ſunt : Sed deſiderauerim, ut claniſſimus Newtonus non- 
nulla quoque amplinus explicet ; ut originem theorematis, quod i Initio 
ponit : item modum quo quantitates p, q, r, in ſuis OPerationiby; 
invenit dc denique quomodo in metbodo regreſſuum ſe gerat ; ut 
cum ex logarithmo quarit numerum. Neque enim explicat quomodb 
id ex methodo ſud derivetur. Pre ſe tulit, inveniſſe ſe duas ſeries 
pro numero cujus logarithmus fit datus; & tamen in ipſa ea epi. 
tola Newtonum rogat, ut methodum eas ipſas duas ſeries inveni- 


endl ſibi explicare velit, 


Ubi hanc ejus epiſtolam accepiſſet Newtonus, reſcripſit ſe om- 


nes illas quatuor ſeries jam ei communicaàſſe; quarum duæ priores 


una eademque ſeries eſſet, litera / pro logarithmo poſità cum ſuo 


ſigno + vel -; tertia vero exceſſus effet radii fupra ſinum ver- 
ſum, pro quo jam antea ſeries ad eum miſſa fuiſſet. His lectis, 
deſtitit Leibnitius ab inventione hàc ſibi vindicanda. Prater hc, 


in eadem epiſtola 24 Oc. 1676, quod petierat Leibnitius, me- 
thodos ſuas regreſſionis apertius explicavit. Leibnitius tamen, 
epiſtola 21 Jun. 1677 dati, ulteriorem adhuc petebat explicatio- 
nem: paulo vero poſt, cum Newtoni epiſtolam repetita vice le- 
giſſet, reſcripſit 12 Jul. 1677, ſe jam, quod ignoraverat, intelli- 


gere; & ex Chartis ſuis repoſitis animadvertere, ſe jam antea 


unam ex Newtoni methodis adhibuiſſe; in -exemplo verò, quo 
forte eſſet uſus, cum nihil pulchri & elegantis proveniret, fe, pro 


ſolità ſua impatientià, poſtea eam abjeciſſe. Plures itaque (ſi cre- 
dere fas eſt) directas ſeries, & proinde earum inveniendarum me- 
thodum habuit, priuſquam inveniſſet methodum inverſam, ejuſ- 
que poſtea oblitus eſſet. Quòd ſi chartas ſuas repoſitas diligen- 
tiùs pervolviſſet, etiam hanc inverſam methodum ibi repperiſſet. 


Sed, propriarum ſcilicet methodorum oblitus, Newtonianas deſi- 
derabat. | 


Cum Newtonus, in epiſtola data :1 3 Jun. 1676, methodum 


ſuam ſerierum enarriflet, hæc addidit : Ex his videre, e/ft quanium 


Jines analyſeos per bujuſmodi infinitas equationes ampliantur : quip- 


pe que, earum beneficio, ad omnia pene dixerim problemata, f. - 
mer 
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meralia Diophanti & ſimilia excipias, ſeſe extendit. Non tamen 
omnino univer/alls evadit, niſi per uteriores quaſdam methodos eli- 
ciendi ſeries infinitas. Sunt enim quedam problenata, in quibus non 
cet ad ſeries infinitas per diviſionem vel extractionem radicum, fin- - 
plictum affeclarumve, pervenire, Sed quomodo in 1/iis caſibus proce- 
dendum fit, jam non vacat dicere; ut neque alia quedam tradere, 
' que circa reductionem infinitarum ferierum in finitas, ubi rei na- 
ura tulerit, excogitavi, Nam parcins ſcribo, quod he ſpecula- 
tiones diu mibi faſtidio e caperunt; adeo ut ab liſdem jam per 
quingue fere annos abſtinuerim. His D. Leibnitius, in epiſtolà ſua Re Lin. 
27 Aug. 1676 data, fic reſpondit : : 240d dicere videmini, pleraſque 
dificultates (exceptis problematis Diophanteis) ad ſeries infinitas re- 
duci, id mibi non videtur. Sunt enim multa uſque adeo mira & 
implexa, ut neque ab aquationibus pendeant, neque ex quadraturis. 
Walia ſunt, ex multis aliis, problemata methodi tangentium inver- 
fe, Et D. Newtonus in epiſtola ſul 24 O&od. 1676 reſeripſit: N* LAY. 
Doi dixi omnia pene problemata ſolubilia exiftere; volui de ns præ- 
ſertim intelligi, circa que Mathematici ſe hadlenus occupdrunt ; vel 
allem in quibus raticionia mathematica locum aliquem obtinere poſ= 
Junt, Nan alia ſane. adeo perplexis conditionibus 1mpiicita excogi- 
tare liceat, ut non ſatis comprehendere valcamus : & multo minus 
tantarum computationum onus ſuſtinere, quod ifta requirerent. At- 
ramen ne nimium dixie videar, inverſa de tangeniibus problemata 
Jant in poteſtate, atiaque illis difficitiora. Ad qua ſolvenda uſus ſum 
duplici methodo, und concinniori, alterd generaliori. Utramque 
viſum &2 impreſentia literis tranſpofitis conſignare, ne propter alios 
ent obtinentes, inflitutum in aliquibus mutare coger. gacedeioeffh. 
Kc. id eſt: Una metbodus conſiſtit in extraftione fluentis Quantizarty, 
*X equatione ſimul involvente fluxionem eus altera rantum in aj- , 
 Jumptione ſeriei pro quantitate qudlibet incognitd, ex qud cetera 
commode derivari poſſunt; & in collatione terminorum homologorutn 
equationis reſultantis, ad eruendos terminos aſſumpie ſeriei. 
Ex duabus his Newtoni epiſtolis certò conſtat, jam tum, vel po- 
tius ante quinquennium, inveniſſe illum reductionem problema- 
tum ad zquationes fluxionales & ſeries convergentes : & ex re- 


Pponſo Leibnitii ad harum epiſtolarum priorem, que certum eſt, 
Vol. IV. O oO 0 | tum 
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tum nondum W580 inveniſſe reductionem e a0 * 
quationes differentiales, vel ad ſeries convergentes. 
xx, Idque amplius ex eis manifeſtum eſt, quæ de hac re ſcripſit 
7 Leibnitius anno 1691, in Actis Eruditorum: Jam anno 1675 
inguit, compoſitum habebam opuſculum Raaralura Arithmetice, ab 
amicts.ab illo tempore lectum; ſed quod, materid ſub manibus creſ. 
cente, limare ad editionem non Vacauit, pofiquan alie 0ccupationes 
fupervenere; praſertim cum nunc prolixius exponere, vulgari more, 
gue anaiyſis noſira paucis ex hibet, non ſatis operæ pretium videatuy, 
Hanc Quadraturam, vulgari more compoſitam, proferre cœpit Pari- 
fiis anno 1675. Anno proximo demonſtrationem ejus expolie. 
bat, Oldenburgio mittendam, ceu methodi Newtonianæ gg. 
Anypa; ut narrat in epiſtola 12 Maii 1676: & proinde, in epiſ- 
tola 27 Aug. 1676, eam miſit contextam & edolatam more vul- 
gari. Hieme inſequente, in Germaniam reverſus per Angliam 
& Hollandiam, ut negotia publica capeſſeret, non vacavit ampli-- 
us ad eam præœlo parandam, nec operæ pretium exiſtimavit; ea 
more vulgari prolixius explicare, quæ analyſis: ejus paucis exhi- 
bet. Hanc ergo novam analyſin excogitavit, jam in Germaniam 
838 3. & proinde non ante annum 1677. 

Idque ampliùs adhuc conſtat ex conſideratione ſequenti; Bar- 
rovius· methodum ſuam tangentium anno 167 in lucem edidit. 
Inde Gregorius methodum tangentium hauſit abſque computa- 

Ne XV tione, uti ad Collinium ſcripſit 5. Sept. 1670. Newtonus autem. 
ſuam tangentium cum Collinio communicavit anno 1672, in epiſ- 

N*XXVI. tola 10 Decemb. datà, atque hæc ibi addidit. Hoc ęſi unum pars 
ticulare, vel Corollarium potius, method; , generalis; que extendit ſe 
citra moleſium ullum calculum, non modo ad ducendum tangentcs ad 

quaſois Curvas, five geometricas, ſive mechanicas, vel quomodocun- 

gue rectas lineas, aliafue Curvas reſpicientes; verum etiam dd fe- 
ſolvendum alia abſtrufiora problematum genera de Curvitatibis, 

areis, longitudinibus, centris gravitatis Curvarum, &c. Neque, 
quemadmodum Huddenii methodus de maximis & minimis, ad /0- 

2s refliringitur aquationes illas, qua guanlitalibus ſurdis ſunt ini 

munes. Hanc metbodum intertexui alteri i/ii, qud ; equationum be- 

geſin inſtiluo, reducendo eas ad ſerles infiniias. D. autem Sluſius 

ſuam tangentium methodum ad Oldenburgium miſit 17 Jan. 


8 | | 16755 


No XLIV. 
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| 1675 eaque paulo poſt in Tranſ actionibus eſt publicata, Com- 
ta vero eſt eadem prorſus eſſe cum illa Newtoni. Fundata 
erat ſaper tribus lemmatibus; quorum primum erat, Differentia 


rum dat partes 2 ngulares grads inferioris ex binomio laterum, ut 


5 = yy + g + "Xx, id ht, ſecundum notationem Leibnitii, 7 350 
tium ab Oldenburgio miſſum eſt, inter chartas Jacobi Gregorii, 
una cum ali\ Newtoni epiſtola 13 Jun. 1676 data. In his dua- 
bus cum memoraret Newtonus, ſe generalem admodum analyſin 
habere, partim conſiſtentem ex methodo ſerierum convergen- 
tium, partim ex alia methodo, - qua applicabat eas ſeries ad ſol u- 
tionem omnium ferè problematum, exceptis forte numeralibus 
quibuſdam quales illæ ſunt Diophanti, er uebatque tangentes, are- 
as, longitudines, contenta ſolida, centra gravitatis, curvitateſque 
Curvarum ac curvilinearum figurarum, ſeu geometricarum, ſive 
mechanicarum, minimè hærendo ad ſurdas; methodumque illam 
tangentium Sluſianam non niſi ramum, vel corollarium, eſſe alte- 


landiam reverteretur, tum demum meditabatur promotionem 


lodami data 2 Novemb. 1 676, ſic ſcripſit: Methodus tangentium, 
4 Sluſio publicata, nondum rei faſtigium tenet, Poteſi aliquid am- 
flius praſiari in eo genere, quod maximi foret uſus ad omnis generis 


feries reductionem.. Nimiriun boget brevis quedam calculari circa 
tangentes tabula, eouſque continuanda donec progreſſio tabule appa- 
ret; ut eam ſcilicet quiſque, quou/que libuerit, fine calculo continuare 
polit. Hc vero erat illa promotio Sluſiane methodi in metho- 


que illis ejus verbis, pozeft aliquid amplius praftari in eo genere, 
quod maximi foret uſus ad omnis generis problemata, unica res hæc 
fuiſſe videtar, qui ille methodum eam ad omnis generis proble- 


mata vellet extendere. Promotio vero per calculum differentia- 


lem nondum ei in mentem venerat; ea quippe referenda erit ad 
annum ſequentem. 1 i 
Ooo 2 | 3 In 


quarum dignitatum ejuſden gradis applicata ad differentiam late- 


rius hujus methodi : his Leibnitius viſis, dum domum per Hol- 


broblemata, etiam ad meam (fine extradtionibus) æquationum ad 


dum generalem, quam tum in animo verſabat Leibnitius : ex- 


Newtonianæ epiſtolæ, 10 Deceimb. 1672, exemplar ad Leibni- No xIL Vi. 


methodi Sluſianæ. Quippe in epiſtola ad Oldenburgium Amſte- N Av. 
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convergentibus, deque altera illa methodo, qua tangentes duce. 


Ham jam tum ad magnam perfectionem provexiſſe, & feciſſe 


procedit 3 in æquationibus finitis, æquationes in ſeries convergentes 


rum gradatim,. & per conditiones illas determinando. Cumque 


R ©: N $;k--D 


Ire proximis literis, 24 00h, 1676, mentionem analyſeos ſuæ 
fecit Newtonus, communicate per Barrovium cum Collinio anno 
7669; alteriuſque item traCtatus, anno 167 1 ſcripti, de ſeriebus 


rentur more Sluſii, maximeque ac minim determinarentur, & 
quadratura Curvarum expeditior fieret, idque non hæſitando ad 
radicales; quaque invenirentur ſeries, quæ certis caſibus finiren- 
tur, & quadraturam Curvarum darent in æquationibus finitis, ubi 
fieri poſſet. Fundamentum autem harum operationum concluſit 
in hane ſententiam, ænigmaticè, ut ſupra, exprefſam ; Daid . 
quatione Fuentes Quorcungue quantitates invotvente, fuxiones inve- 
wire; & vice ver/d, Quibus extra omnem dubitationem ponitur, 
ſe jam antea fluxionum methodum excogitàſſe. Quod fi reliqua 
in epiſtolà illa animadvertantur ; conſtabit utique, ſe methodum 


admodum generalem: cum illæ in libro ſuo Quadraturarum pro- 
poſitibnes, methodique ſerierum convergentium, lineamque cur- 
vam ducendi per quemvis datorum punctorum numerum, jam 
tum ſibi innotuerunt. Quippe, cum fluxionum methodus haud 


reducit per theorema binomiale, perque fluentium extractionem 
ex æquationibus, fluxiones earum involventibus vel non involven- 
tibus. Cumque æquationes finitæ defuerint, ſeries convergentes 
ex problematis conditionibus deducit; aſſumendo terminos ſerie- 


porro flueates a fluxionibus ſint derivande, & fluxionum lex de- 
fuerit ; legem eam invenit quamproxime, parabolicam lineam 
per quemlibet datorum punctorum numerum ducendo. Atque 
his progreſſionibus, vel illo tempore fluxionum ſuam methodum 
multo magis univerſalem fecerat Mewtonus, quam vel hodie eſt 
methodus Leibnitii differentials. a 

Hæc Newtoni epiſtola, data 24 O06. 1676, in fine menſis il 
lius, vel initio ſequentis, viſa eſt Leibnitio Londini; ejuſque ex- 
emplar Hanoveriæ ei obtigit, initio veris inſequentis: atque ipſe 
paulo poſt Leibnitius, epiſtola dath 21 Jun, 107 7, reſcripſit: Cla- 
rifjim Slufit methodumn anger nondum eſſe abſolutam, celever- 


rimo Newtono aſfjentior, Et jam a multo tempore rem tangentium 
generalius 
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neralins truciavi, ſcilicet per differentias ordinatarum.— Hinc no- 
minando in pofterum, dy diſferentiam duarum proximarum y, &c. 
Hic demum primo cœpit Leibnitius differentialem ſuam metho- 
dum proferre : neque vel minimum argumentum eſt, prius eam 
le ſciviſſe, n poſtremas Newtoni literas accepiſſet. Dicit qui- 
dem, jam d multo tempore rem tangentium generalius ſe traftaviſ- 
/e, ſcilicet per differentias ordinatarum. Atqui in aliis literis eo- 
dem modo jam affirmaverat, ſe plures convergentes ſeries, tam 
qirectas quam inverſas, inveniſſe; priuſquam ullam inveniendi 
eas methodum haberet: oblitumque jam fuiſſe inverſæ methodi 
ſerierum; priuſquam utilitatem ejus perciperet. Nemo in cauſa. 
propria bi teſtis eſt. Iniquus admodum fuerit judex, omnium-- 
que gentium jura conculcaverit, qui quemquam in ſua cauſa pro 
legitimo teſte admiſerit. Illud ergo eft probandum ac oſtenden- 
dum, jam antea methodum hanc Leibnitium invenifle,.quam li- 
teras illas Newtoni accepiſſet. Quod ſi hoc nullo argumento con- 
firmatum fuerit; de primo methodi iaventore. nulla. ſupereſt 
controverſia. 
Marchio Hoſpitalius, vir candidiſſimus, in præfatione libri ſui 
De Analyfs quantitatum infinite parvartm, A. D. 1696 edità, nar- 
rat; ut, paulo poſt tangentium methodum. a Carteſio publica- 
tam, Fermatius quogue methodum invenerit, quam ipſe tandem | 
Carteſius ſuà in pleriſque ſimpliciorem eſſe confeſſus ett. * Non- 
dum tamen, inquit Hoſpitalius, tam ſimplex erat, quam poſtea 
#4 Barrovio reddita eſt, naturam polygonorum propius conſide- 
rando; que ſponte ſul menti objicit parvulum triangulum,. 
| nenten ex particula Curvœ, inter duas ordinatas ſibi infinite. 
propinquas jacentis, & ex differentia- duarum iſtarum ordinata- 
rum, dnarumque itidem  correſpondentium abſciſſarum. At- 
que hoc triangulum illi ſimile eſt, quod ex tangente et ordinatà 
& ſubtangente fieri debet: adeo ut per unam ſimplicem analo- 
giam oranis jam calculatio evitetur, que & in Carteſianà, & in- 
hac ipſa priùs methodo, neceſſaria erat. Quo tamen vel hœc, vel: 
Carteſiana, revocari ad uſus poſſet, neceffarid tollendæ erant 
fractiones & radicales. Ob hujus itaque calculi imperfectio- 
"wy introductus eſt ille alter celeberrimi Leibnitit; qui inſig- 
* Nis gcometra inde eſt cxordus, ubi Barrovius aliique deſierant. 
| Porro 
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* porro hie ejus calculus in regiones hactenus ignotus aditum fe- 
c cit; atque ibi tot & tanta patefecit, quæ vel doctiſſimos toting 
Europæ Mathematicos in admirationem.conjecerunt, & c. 

Hactenus Hoſpitalius. Non viderat nimirum Newtoni analyſin, 

neque epiſtolas ejus xo Dec. 1672, 13 Jun. 1676, & 24 04, 
1676 datas: quarum nulla ante annum 1699 typis publicata eſt. 
Neſcius itaque Newtonum hæc omnia effeciſſe, atque indicàſſe 
Leibnitio, Leibnitium ipſum arbitratus eſt inde incepiſſe, ubi deſi- 


erat Barrovius ; Leibnitium docuifſe, quo pat Barrovii metho- 


dus adhiberetur non hærendo ad fractiones & ſurdas, eaque re 
mirificè eam ampliaàſſe & promoviſſe. Similiterque Jacobus Ber- 

noullius in Actis Eruditorum Jan. 1691, p. 14, ſic memorat: 
Qui calculum Barrovianum, quem in lecłionibus ſuis geometricis ad. 
umbravit author, cigjuſque ſpecimina ſunt tota illa propoſitionum 


inibi contentarum farravo, intellexerit; Icalculum] alterum, d db- 
mino Leibnitio inventum, ignorare vix poterit; utpote qui in priori 


illo fundatus e, & niſi forte in di Herentialium notatione, & opera- 
tionis aliquo compendio, ab eo non diert. 


Jam verò, in methodo ſua tangentium, Barrovius ducit duas 
ordinatas indefinite ſibi invicem propinquas, literamque 9 ponit 
ꝓro ordinatarum differentia, proque abſciſſarum differentia lite- | 
ram e; & in ducendis tangentibus has tres regulas ſtatuit: 1. In- 


rer computandum, inquit, omnes abjicio terminos, in quibus ip/arum 


a vel e poteflas habeatur, vel in quibus ipſæ ducuntur in ſe. Ui. 
enim ipſi termini nibil valebunt. 2. Poſt æquationem con/iiintamn, 
omnes atyicio:terminos, literis conflantes quantitates notas ſeu deter- 
minatas. ſignificantibus, aut in quibus non habentur a vel e. Et- 
enim illi termini ſemper ad unam aquationis partem adducti, nibi- 
lum adæquabunt. 3. Pro a ordinatam, & pro e ſubtangentem 
ſubiſtituo. Hinc demum ſubtangentis quantitas dignoſcitur. 

Hactenus Barrovius. Leibnitius autem in epiſtola 2 1 77. 1677 
ſupra citatà, in qui primò differentialem ſuam methodum cœpt 
proponere, Barrovianam hanc tangentium methodum exactè ſe- 
cutus eſt; præterquam quod literas, @ & e, Barrovianas mutaverit 


in dx & dy. Quippe in exemplo, quod ibi exhibet, duas duct 
parallelas lineas; atque omnes terminos ſub inferiore linea ponit, 


in quibus dx & dy (diviſim vel Junctim) ſunt plus unius dimen” 
ſionis; 
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gonis; omnes vero terminos, in quibus dx & dy abſunt, ſuper 
lineam ſuperiorem ſtatuit; &, ob rationes à Barrovio datas, omnes 
hos terminos facit evaneſcere. Jam autem per terminos in qui- 
bus 4x & dy unius tantum dimenſionis ſunt, quoſque inter binas- 
illas lineas ponit, proportionem ſubtangentis ad ordinatam deter- 
minat. Rectè itaque animadvertit Marchio Hoſpitalius, Leibni- 
tium inde incipere, ubi Barrovius defierat ;. quippe: utriuſque me- 
thodus tangentium prorſus eſt eadem. 
Jud tamen Leibnitius de hic methodo ſuperannotat; z. meln 
ſionem nempe hujus calculi cum Stufli-regula coincidere ; illam- 
que regulam cuivis, qui hanc methodum intelligat,. in promptu 
occurrere. Acute ſane : quippe in epiſtolis ſuis Newtonus indi- 
caverat, Sluſianam regulam. generalis ſ\uz. methodi Corollarium . 
tantùm eſſe. | 5 
Cumque in epiſtolis Newtonus: dixiffet; in Annie tangenti- 
bus, maximiſque & minimis- determinandis, methodum ſuam 
procedere, non hæſitando ad ſurdas; Leibnitius itidem annotat, 
ſic promovert poſſe tangentium ſuam methodum, ut ad ſurdas & 
fractiones non hæreamus; & deinde addit: Arbitror, que celare Ne I xvI. 
voluit. Neꝛvtonuis, de tangentibus ducendis,. ab his non abludere. Quo 
addit,. ex hoc eodem: fundamento-quadraturas quoque reddi faciliores, 
me in hd ſententia confirmat ;- nimirum ſemper figure ille ſunt: 
quadrabiles,. que ſunt ad equationem differentialem. Ex quibus- 
ejus verbis; cum præcedente calculatione comparatis, non dubium 
eft,, quin tum ſatis ſciverit Leibnitius, Newtono ad manum fuiſſe 
methodum hæc omnia efficientem; apparetque eum tentaviſſe, ſi 
forte differentialis tangentium methodus Barroviana ad eadem ef- 
ticienda promoveri poſſet. | 
Differentials hujus method elementa publicavit Leibnitius i in: 


4¹¹ 


/ 

Actis Eruditorum Nov. 1684; exempliſque ducendi-tangentes, . 
7 maximaſque & minimas determinandi, eam illuſtravit; quibus ad- 
4 dit: Ef hc quidem initia ſunt geometric cujuſduamn multo ſublimio- - 
6 ris, ad difficillima ac pulcherrima. quaque etiam mixtæ matheſeos : 
A Problemata pertingentis; que fine calculo differentiali, AUT $IMILI, 
+ non temere quiſquam pari facilitate tradlabit. Ubi, cum dicit aur 


SIMILI, ſine dubio ad Newtoni methodum reſpexit: totaque iſta 
| periodus - 


KL CE HBSS EC 
periodus nihil ampliùs in ſe habet, quam quod Newtonus, in li- 
teris 1672 & 1676, de ſul generali methodo affirmaverat. 

Et in Actis Eruditorum 1686, p. 279, Malo autem, inquit 
Leibnitius, dx & ſimilia adbibere, quam literas pro illis, quia iſſud 
dx e/l modificatio quæedum ipſius x, &c. Sciebat ſcilicet in hic me. 
thodo literas, more Barrovii, ſatis commode poſſe adhiberi; malebat 
tamen novis ſymbolis uti, dx & dy; etſi nihil per hæc ſymbol, 
fieri poſſit, quod non br evius commodiuſque Per fingulas lite. 
ras fiat. VV 

Anno ſequente in lucem edita ſunt Newtoni Principia Philoſo. 
phiz; refertus liber ejuſmodi problematibus, qualia Leibnitiug 
.difficillima appellaverat, & pulcherrima etiam mixte matheſens pro- 
blemata; qua ſine calculb differentiali, aut $1MILI, non temere quiſ- 

quam parti facilitate traclubit. De hoc libro fic locutus eſt Mar- 
chio Hoſpitalius, -qua/i totus ſerò per hunc calculum compoſitus et. 
we ipſe adeo Leibnitius, epiſtola.ad Newtonum dati Hanoveriæ 

2 Martii 1693, ipſiuſque manu {cripta, quæ adhuc ſupereſt, & 
Regiæ Societati nuper eſt exhibita, eandem rem agnoſcebat his 
verbis: Mirifce ampliaveras geometriam tuis ſeriebus ; ſed edit 
Principiorum opere, o/lendi/li patere libi, quæ analyſi recepte non ſub- 
ſunt. Conatus ſum ego quogue, notis commodis adbibitis, qua di pe- 
rentias & ſummas exhibeant, geometriam illam, quam tranſcenden- 
zem oppello, analy quodarmmodo ſubjicere ; nec res male proceſſt. 
Atque iterum in reſponſo ad D. Fatium, quod habetur in Actis 
Eruditorum Mali 1700, p. 203, verſu 21, id faſſus eſt Leib- 
nitius. 

In ſecundi libri Principiorum lemmate e elementa hu- 
jus calculi ſyntheticè demonſtrata ſunt; & in ſine lemmatis eſt 
icholium, his verbis: I #reris, gum imibi cum Geometrd peritiſino 
G. G. Leibnitio annis abbinc decem intercedebant, cum fignificarc 
nie compotem eſſe metbodi determinandi maximas & minimas, . 
cendi tangentis & ſimilia peragendi, que in ter minis ſurdis, que 
dc in rationalibus, procederet ; & literis tranſpoſitis hanc ſententiam 
involventibus [Data æquatione quotcunque quantitates fluentes in- 
volvente, fluxiones invenire, & vice verſa] eandem celarem: re- 
ſeripſit wir clariſſimus [anno proximo] /e quoque in ejuſmodl metho- 
dum incidige; & methodum ſuam communicavit, & med viæ abli- 

dentem 
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gentem, praterquam in verborum & notarum formulis. Utriuſque 
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fundamentum continetur in boc lemmate, In illis epiſtolis, & in N xxvI. 


alia 10 Deceimb. 167 2 data (cujus exemplar poſt annos quatuor 
ab Oldenburgio ad Leibnitium mittebatur, ut ſuprà diximus) adeo 


apertè explicaverat ſuam methodum Newtonus ; ut non difficile 
fuerit Leibnitio, ſubſidio methodi tangentium Barrovianæ, ex 
ilis epiſtolis eam exſculpere. Certum tamen eſt, ex argumentis 
ſupra allatis, non prins eum ſciviſſe eam, quam epiſtolas illas 
legiſſet. | 05 

Duarum Newtoni epiſtolarum, 13 un. & 24 Odhob. 1676, ex- 


emplar ab Oldenburgio acceperat Walliſius, & ex eis plura publi- 


caverat in Algebra ſul, Anglice edità 1683, Latine autem 1693; 


plauſu ibi per hominum ora ferrentur, ſub nomine methodi dif- 
ferentialis Leibnitii. Quamobrem in præfatione primi ſuorum 


operum Tomi, A. D. 1695 editi, ejus rei mentionem injecit. Et 
in epiſtolà ad Leibnitium, data x Dec. 1696, que in tertio tomo 


extat, hæc de el re habet: Can prefationis prefigende poſtre- 
mum folium erat ſub prœlo, cjuſque typos jam pojuerant typothete ; 
me monuit amicus gquidam, harum rerum gnarus, qui peregre fu— 
erat, tum talem methodum in Belgio pradicari, tum illam cum 
Newtoni methodo fluxionum quafi coincidere. Quod fecit ut, tranſs 
latis typis jam poſitis, monitum inter/eruerim. Quin & in epiſtola 
al Newtonum, datà 10 Abril. 1695 & Regiœ Societati nuper ex- 
hibita, ſic de e re verba facit: U7inam tupis ederes protixas illas 
das eplſlolas j unii & Auguſti (Octobrem dicere debuit) 1676. 
Ex Hollandid certior factus ſum, ainicos ibi tuos hoc paſtulare; 
* quia notiones tu de fuxlonibus Leibnitio ibi ajcribuntur, ſub 
nomine calculi differentialis, Hoc ex Hollandid accepi, cum totus 
' bic tomus, prater partem prafationis, jam prato ſuojectus es; ita 
* ut nihil aliud inſerere hic potuerim, dum cefſarent opera, praeter 


"Þ 9 A „ 3 
breveimm illam, quam ibi reperies, nafraliomemt. Non 1am aquus es. 
{, 5 9 ; \ | r 
vel tuo vel gentis tuæ bonori, quam oportebat :* 01m res quantrils 


pretii tam diu in [crinils celas, donec alli honorem bibi debitiumi 
'þ raripiant. Conatus ſum in e nevotio debitum tibi reddere ; do 
' leeque me non binas Vas epiſtolas integras atque avroneguy didi e. 
1 | Ppp | | Porro 


Operum 
| | 3 . : : : Vol. il. p. 
pauloque poſt ex Hollandia admonitus eſt, ut epiſtolas illas inte- 386, 


gras publicaret ; quia notiones de fluxionibus Newtonian cum 
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'Porro illa brevis mentio, quam Walliſius præfationi illi inſe. 
ruit, his verbis habetur : In ſecundo volumine inter alia habety; 
Newtoni methodus de Fluxionibus, ut ille loquitur, conſimilis natyre 
cum Leibnitii, ut hic lognitur, caleulo dißerentiali; quod, qui utram- 
que methodum contulerit, ſatis advertat; utur ſub loquendi formyulir 
aiverfis: quam ego deſoripſi (Algebra, Cap. xci: &e. praſertim, 
Cap. xcv.) ex binis Newton! hiteris, aut carum alteris, Junii 13, & 
O£70b. 24, 1676, ad Oldenburgium datis, cum Leibnitio communi. 


. _ \ . | | . . . *27* ' 
candis; liſdeni fere verbis, ſaltem leviter mutatis, quæ in illls literig 


habentar, ubi METHODUM HANC' LEIBNITIO EXPONIT, 7494 ante 
DECEM ANNOS edum plures [id eſt anno 1666 vel 1665] ab iþje. 
excogttatam. uod mones, ne quis cauſetur, de hos calculo. dife-- 


rentiali nibil a nobis dictum eſſe. 


His ad hunc modum actis, anni fequentis menſe Junio, edi- 


tores Actorum Lipfienſium, vel potius, ut ex ſtylo colligitur, ipſe- 


Leibnitius, cum de duobus prioribus Wallifir tomis narrationem 
contexunt, hujus in prefatione clauſule mentionem fecerunt; 
queſtique ſunt, non quod dixerit Newtonum, in duabus illis epiſ- 


tolis, explicuiſſe Leibnitio fluxionum methodum, decennio ante vel 


amplius a ſe inventam; ſed quod, de calculo differentialr verba 
faciens, eamque ut ait ob rationem, e gig carſetnr de calculn 
diferentiali nibil ab tho diffum fuiſe, non monuerit lectorem, jam 
tum Leibnitium calculum illum penes ſe habuifie, cum mutuæ 
Ie inter ipſum & Newtonum literz, Oldenburg opera, hinc 
inde ſcriberentur. Et in pluribus poſt la epiſtolis, inter Lcibni- 
tium & Walliſium qe ef re conſcriptis, non negabat Leibnitine, 
New tonum, toto ante eas literas datas decennio, dictam methodum 
inveniſſe; id quod afhrmaverat ibi Walliſius: non pra fe ferebat, 

tam mature ſe ſuam methodum excogithite ; nullo argumente 
probabat, ſe ante annum 1677 in eam incidiſſe; neque id ip- 
ſum probahat, niſi ex Newtoni conceſſo; non affirmabat ipſe, ſe 
maturins babuiſſe; laudabat Newtonum, quod in hac re tam 
candide egerit ; concedebat, utramque methodum eodem in ſum- 
mia recidere; ſeque idcirco ſolitum, communi Analyſeos infinite- 

ſimæ nomine utramque indigitare: adjiciebat, ſicuti Viete Cat- 
teſtique methodi, communi Analyſeos ſpecioſæœ nomine fereban- 


tur, licet in aliquibus differrent; ita forte ſuam Newtonique me- 


thodos 
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Hic erat, eo tempore, inter Walliſium & Leibnitium controver- 
ſiæ ſlatus. Quadriennio vero poſt, cum D. Fatius ſuſpicionem 
injecerat, poſſe fieri ut Leibnitius, ſecundus calculi inventor, à 
Newtono, primo ejus ante multos annos inventore, nonnihil ſurri- 
puerit; Leibnitias in reſponſo ſuo, in Actis Eruditorum Maii 
1700 edito, concedebat, Newtonum ſuà ſolà Minerva methodum 
excogitaſſe; neque negabat, Newtonum multis annis ſe priorem 1n 
eam incidiſſe: : neque plus ſibi arrogabat, quam fe quoque, pro- 
pria Minerva, ac {ine ope Newtoni, eandem repperiſſe; præque ſe 
ferebat, tum cum primùm eam typis ederet, neſciſſe ſe quicquam 
præter methodum tangentium a Newtono inventum eſſe. Cum- 
que de ſublimi quadam parte methodi loqueretur, qua Newtonus 
2 C. 1686, Solidum minime reſiſtentiæ invenerat, hæc addi- 
: 9uam, inquit, methodum ante D. Newtonum & me nullus, 
ps ſciam, geometra habuit; utt ante Nunc, maximi nominis geome- 
tram, NEMO, /Pecimm1ne publice dato e gabere probavit; ante dominos 
Bernoullios & me nullus communicavit. Huc uſque igitur inven- 
toris primi nomen minime ſibi vindicavit Leibnitius; non auſus 
id facere ante obitum Walliſii, poſtremi illorum ſenum, qui, quæ 
inter Anglos & Leibnitium per annos quadraginta acta erant, op- 
time noverant. Deceſſit autem Walliſius menſe Octobri 1703; 
Leibnitius vero ſibi demum arrogare hoc cœpit anuario 1705, 

Newtonus tractatum ſuum de Quadraturis edit 1704; is vero 
diu ante editionem ſcriptus erat. Quippe plurima ex eo citata ſunt 
in epiſtolis 24 Ociob. & 8 Novemb, 1676. Spectat autem ad me- 


Newtonus, quod ante annos novem a Walliſio publicatum erat, 
nullo tum contradicente, hanc nempe methodum gradatim fu- 


De hoc tractatu Ralphſonus in hiſtoria ſua fluxionum Cap. I. fic ſcripſit. Newtonus anno 
Joa, parvum edidit tractatum; quem, circa annum 1676, ex tractatu antiquiore extraxit; 
„ quemque doctus Halleius & ego, circa annum 1691, Cantabrigiz in manibus noſtris habuimus.“ 


PpP 23 enſium 


thodum fluxionum; & ne pro novo opere haberetur, iterabat id 


le repertam, annis 1665 & 1666. Jam autem actorum Lipſi- 
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thodos in aliquibus differre poſſe: nihilque ſibi vindicabat, præ- 
terquam illa in quibus, ut ipſi videbatur, inter ſe differebant, no- 

tatione ſcilicet, æquationibus differentialibus & æquationibus ex- 
nentialibus. In epiſtola tamen 21 747. 1677, æquationes dif- 

ferentiales ſibi ac Newtono communes eſſe exiſtimabat. Ne LXVI. 


% 
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enſium editores (hoc eſt, ipſe Leibnitius) cum de tractatu hoc 
Ne LXXIX. agerent, affirmabant Leibnitium fuifſe primum ejus methagi ; in- 
ventorem, & Newtonum pro differentits fluxiones ſubſtituiff. b. 
25 Atque hc affirmatio ortum dedit præſenti controverſiæ. 
Ne LXxIx. Quippe D. Keillius, in eplitoly 1 in Tranſactionibus Philoſophicis 
edità, retorſit in eos hoc telum: Fluxionum, inquiens, Arithmeti. 
ca ſine omen dubio primus invenit D. Newtonus; ut cuilibet iy; 
_ epiflotas, a alliſio editas, legenti facil? conflabit. Faden tamien 
Arithmetica po/tea, mutatis nomine & notationis modo, a D. Leib- 
nitio in Alis Ernditorum edita ci. 
Newtonus, priuſquam vidiftet id, quod in actis Leipſienſibus 
publicatum fuerat, ægrè tulit a D. Keillio hoc dictum eſſe; ne 
fortè inde lis aliqua naſceretur. Leibnitius quoque, hoc acerbius 
interpretans quam vel a Keillio cogitatum fuerat, in literis ad D, 
N LXXX. Sloane datis 4 Martii 17 11, de hoc ut calumnià queſtus eſt; pe- 
tiitque, ut Regia Societatis injungeret Keillio, palinediam ut puh- 
lice caneret. Keillius vero id quod ſcriptum erat probaturum ſe 
ac defenſurum profitetur; licentia a Newtono, cui quod in Acdis 
Lipſienſibus dictum eſt oſtendebatur, impetrata. Leibnitius au- 
Ne LXXXV. tem, in altera ad D. Sloane epiſtola 29 Decemb. 1711 dati, neg- 
lectà accuſationis ſuæ probatione, candorem modò ſuum prædi- 
care, de quo vel dubitare incivile foret; non modum oſtendere, 
quo methodum inveniſſet; in Actis Lipfienſibus ſuum cuique da- 
tum eſſe; ſe inventionem novem annis (ſeptem credo dicere de- 
buit) penes ſe celaviſſe, ne quiſquam (N ewtonum intelligit) eam 
| fibi præripuiſſe glorietur; Keillium effe hominem juvenem, re- 
rum anteactarum 1gnarum ;. dixifle illud, Newtono nolente ; 
rixoſum porro hominem eſſe, cui ſilentium imponi debeat; fc 
cupere, ut Neu tonus ipſe ſententiam de hic re ſuam pronuntiaret, 
Atqui ſatis noverat, nihil amplius Keillium dixiſſe, quam quod 
tredecim ante annis, nullo tum contra eunte, dixerat Walliſius: 
noverat Newtonum ſententiam de hac re tuliſſe, in introductione 
ad librum Quadraturarum, prius in lucem editum, quim hc lis 
moveretur. Wallifius vero jam ad plures abierat : qui reſtabant 
in Angla Mathematici, pro noviciis habentur : de cujuſvis can- 


dore Leibnitius jure ſuo dubitare volet; Newtonus denique, niſi 
6 | vel 


. 


_ 7 — — — err 2 — — K — — — —— — E IEEE "IS Ig < 
— Ie . . IK A Err ny - 7 — — 8 2 . a = 5 — i on BE mt oe rei = — ES e —— —— — > — ” — _ — — ens — —— — — IT —— _ 3 
ERR RE e 22 =? * 8 3 F — —— — — — TTT. ˙ SO + "DE-£ = —ͤͤů— : * 
* — B — — — 1 ES Poe —_ ERTIES 7 7 — a ; : . - - . ? le "I ar ern — - — — — — — : 33 - _ ; = 2 
83 n r : N 3 = Artur 3 in EET . "2 - „T IE” IIS — r 12 . oi as. Si — — — — — — S ee EE EY Ne pre eee nog any. nas oma mem ps: Ee ID 
T ne i 2 I EO EP I IO: TW CO Eee In WED Pr — — 5 NN IC ONEREDD ds A — — 


PPP 
„„ - 
or —„VT — 
GEG 

ä ; 


- . 


COMMERCH EPISTOELICT: 477 
vel diſſimulaverit rem, vel abnegaverit, in rixas & moleſtias tra- 
hendus eſt. 
Regia itaque Societas, cujus auctoritati non minus Leibnitius, 
quan! Keillins (uterque ſcilicet in ea Socii) parere debebant, bis a. 
Leibnitio huc provocata, . nefaſque eſſe exiſtimans, vel damnare 
vel notare Keillium, re nondum examinata ; ſcienſque nec New- 
tonum neque Leibnitium, qui in vivis ſoli vel ſcirent quid, vel 
meminiſſent, quod in his rebus ante annos quadraginta actum ſit, 
in hac Keillii cauſa teſtes eſſe poſſe; negotium id dederunt nume- 
pꝛoſo ex Societate conſeſſui, ut excuterent veteres in Archivis ſuis 
Epiſtolas & Chartas, & quid in eis de hoc negotio reperiſſent, So- NoIxxxvl. 
cietati exponerent : quam expoſitionem ut primùm Societas acce-- 
perat, & ipſam, & Epiſtolas, Chartaſque ipſas, in publicum edi juſ- 
fit, Ceterùm e illis 1d Conſefſui compertum viſum eſt, Newto-- 
num anno 1669, vel antea, methodum illam penes ſe habuiſſe; Le- 
ibnitium vero non ante annum 1677. 
Ut methodi differentialis primum ſe auctorem venditaret Leib- 
nitius, inſimulavit Newtonum, literà o, more vulgari, pro dato in- 
cremento 8 & primò fuiſſe uſum ; qui mos differentialis methodi 
utilitates tollit: poſt edita vero Principia mutaviſſe o in x, ſubſti- 
tuendo & pro d Hoc vero nunquam quis probaverit ; Newto- 
num unquam o in x mutaviſſe, vel uſurpaſſe x pro dx, vel omi- 
life uti litera o. Newtonus in Analyſi, anno 1669 vel antea 
icripta, & in libro de Quadraturis, & in Principiis Philoſophiæ 
uſus eſt literà o; atque adhuc utitur,. eodem plane quo prius ſen- 
tu, In libro de Quadraturis uſus eſt literà o una cum ſymbolo ; 
ideoque non poſuit unum loco alterius. Symbola iſta, 9 & x, pro 
rebus diverſi generis poſita ſunt. Prius eſt momentum; alterum 
fluxio eſt, ſive velocitas; ut ſupra eſt explicatum. Cum litera x 
pro quantitate uniformiter fluente ponitur, ſymbolum &« eft uni- 
tas; & litera o (ſeu 1x09) momentum; atque x9 & dx idem ambo 
momentum ſignificant. Literæ punctate numquam indicant mo- 
menta ; niſi cum multiplicantur per momentuna e, vel expreſſum 1 
vel ſubintellectum, quo infinite parve evadant; & tum rectangula 
pro momentis ponuntur. 1 1 
Newtonus non in formis ſymbolorum ſuam methodum conſti- 
tuit, neque ſe alligat ad ullam unam ſpeciem ty :abolorum pro 
fluentibus : . 
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Ns XII, 


Ne VIII. 


in ultima propoſitione, per ordinatas Curvarum; & in introduc- 


nere prima. Leibnitius ſymbolis illis momentorum, ſive diffe- 
rentiarum, dx, dy, ds, primo uti cœpit anno 1677: Newtonus 


N ˙ *10 Ws: 8 1 0 


fluentibus & fluxionibus. Ubi areas Curvarum pro fluentibuz 
ponit, ſœpe ponit ordinatas pro fluxionibus, & fluxiones denotat 
per ſymbola ordinatarum; utin Analyſi ſua fecit. Ubi lineas pro 
fluentibus ponit, quævis ſymbola ponit pro velocitatibus puncto 

rum lineas deſcribentium, hoc eſt, pro fluxionibus primis; & 
quævis alia ſymbola, pro incremento earum velocitatum, hoc ett, 
pro fluxionibus ſecundis; ut ſæpe fit in Principiis Philoſophiz, 
Ubi autem literas x, y, 2, pro fluentibus ponit; earum fluxiones 
denotat vel per alias literas, ut p, q, 7; vel per eaſdem literas ali 
forma poſitas, ut x, Y, Z; vel x, y, 2, punctatas; vel per quaſvis 
Iineas, ut DE, FG, HI, conſideratas tamquam earum exponentes, 
Atque hoc quidem maniteſtum eſt ex libro ejus de Quadraturis: 
ubi, in prima propoſitione, fluxiones indicat per literas punctatas; 


tione, per alia ſymbola, dum methodum explicat, illuſtratque per 
exempla. Leibnitius, in ſua methodo, nulla fluxionum ſymbola 
habet; & idcirco Newtoniana fluxionum ſymbola ſunt in eo ge- 


momenta denotabat per rectangula ſub fluxionibus & momento o, 
cum Analyſin ſuam ſcriberet, anno 1669 vel antea. Leibnitius 
ſymbolis /x, /y, /s, pro ſummis ordinatarum uſus eſt, jam inde 
ab anno 1686: Newtonus, in Analyſi ſua, eandem rem denotavit, 
inſcribendo ordinatam in quadrato vel rectangulo, ad hunc mo- 


2 
? [64X] 
prima. 

Quandoquidem autem inſimulatum eſt, uſum literæ 0 vulga - 
rem eſſe, ac methodi differentialis utilitates tollere; e contrario, 
fluxionum methodus, prout à Newtono uſurpata eſt, omnes dif- 
ferentialis methodi utilitates habet, & præterea alias, Elegan- 
tior eſt; quippe in ejus calculo una tantùm infinitè parva quan- 
titas eſt per ſymbolum denotata, idque ſymbolum eſt o. Nullas 
quantitatum infinite parvarum ideas habemus : & idcirco in ſuam 
methodum fluxiones introduxit Newtonus, ut, quantum fieri poſ- 
ſit, per finitas quantitates procederet. Naturalis magis eſt magiſ- 


que geometrica; fundata ſcilicet ſuper primis quantitatum naſ- 
centium 


dum; 


Omnia Newtoni ſymbola ſunt in ſuo queque genere 
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eentium rationibus, qu exiſtentiam in geometria habent: cum 


indiviſibilia contra, ſuper quibus fundata eſt differentialis metho- 
aus, nullam exiſtentiam habeant, nec in geometria neque in na- 
tri. Sunt quidem rationes prime quantitatum naſcentium; at 
non ſunt quantitates primæ naſcentes. Natura quantitates gene- 
rat per continuum fluxum, ſive increſcentiam: talemque arearum 
& Solidorum generationem admiſerunt veteres Geometre ; cum 


Iineam unam in aliam ducerent, per motum localem, ad g2neran- 
qam aream; atque aream in lineam per motum localem ducerent, 
ad generandum Solidum: at computatio indiviſibilium, ut inde 
componatur area vel Solidum, nunquam in hunc uſque diem in 
geometria locum Habuit. Porro Newtoniana methodus utilior 
quoque eſt illà altera, atque certior; quippe adaptata & ad promp- 
te inveniendam propoſitionem per tales approximationes, quales 


in concluſione nullum errorem creent, & ad eam exactè demon- 


ſtrandam: Leibnitiana verb methodus ad inveniendam tantùum 


propoſitionem, non ad dèemonſtrandam accommodata eſt, Cum 
operatio non ſuccedat in æquationibus finitis, confugere ſolet 


Newtonus ad ſeries convergentes; unds methodus ejus fit incom- 
parabiliter magis univerſalis, quam illa Leibnitii, quæ intra finitas 


zquationes termmatur: ſiquidem ille nullam partem habet in in- 


finitarum ſerierum methodo. Annes poſt aliquot quam ſerierum 
methodus inventa eſt, Leibnitius propoſitionem invenit pro tranſ- 
mutandis curvilinearibus figuris, in alias æqualium arearum cur- 
wilineares, ut inde per ſeries convergentes quadrentur; at me- 
thodi figuras illas. alias, per tales ſeries, quadrandi non erant Leib- 


nitii. Ope nov illius Analyſeos, majorem illarum propoſitio- 
num partem, qu in Principiis Philoſophiæ habentur, invenit 


. ewtonus. At cum antiqui Geometræ, quo certiora omnia fi- 


erent, nihil in geometriam admiterint, priuſquam ſynthetice de- 


monſtratum eſſet; idcirco propofitiones ſuas ſyntheticè demon- 


ſtravit Newtonus, ut cœlorum ſyſtema taper certh geometrià con- 


ſtitueretur. Atque ea cauſa eſt, cur homines harum rerum im- 
periti analyſin latentem, cujus ope propoſitiones liz inventæ 


ſunt, difficulter admodum ee 


Inſimulatum eſt, Newtonum, in ſcholio gb Snem libri de Qua=-. 
Taturis, poſuiſſe tertium, quartum, quintumque term jnos jeriei 


cOirvergentis 
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cuùm exponeret utilitates aliquot terminorum convergentis {crici 
ad ſolvenda problemata, hoc docet Newtonus : Si primus nempe 
ſeriei terminus repræſentet ordinatam, cH, cujuſcumque curve li- 


cundæ differentiæ termini primi: & conſequenter, non oblitus 
incrementum vel decrementum vclocitatum, quibuſcum quanti- 
tates generantur; inque ea re rectè argumentatur. Atqui in- 
tatis: non ergo oblitus tum erat methodi fluxionum ſecundarum. 
tionem primam libri de Quadraturis, cum exemplis ejus in pri- 


mis ſecundis tertiiſque fluxionibus; id quod cuivis videre eſt in 
Wallifii Cperum tomo fecundo (anno 1693 edito) pag. 391, 39% 


/ NN: $3. 
| convergentis reſpective æquales ſecundæ, tertiæ, quartæque diffe- 
rentiis primi termini; & proinde methodum ſecundee, tertiæ, quar- 
tzque differentiarum tum non intellexiſſe. Atqui in prima libri 
ejus propoſitione, anno 1693 a Walliſio edita, modum oſtendit 
inveniendi primam, ſecundam, tertiam, ſequenteſque fluxiones in 
infinitum: ac proinde cum librum eum ſcriberet, ante annum 
nempe 1676, omnium omnino fluxionum inveniendarum me- 
thodum intellexit; & conſequenter, omnium differentiarum. 
'Quod ſi eam non intellexit, cum anno 1704 ſcholium illud in 
fine libri ſubjunxerit: neceſſe eſt hoc eo contigiſſe, quod per iſ- 
torum annorum intervallum de memoria torte ei exciderat. Hoc 
ſolum igitur diſquirendum eſt, oblitus ne fuit methodi ſecunda- 
rum tertiarumque differentiarum ante annum 1704. 3 

Principiorum Philoſophiæ libri ſecundi propoſitione decima, 


nee, PH; & CHDM {it paralle- 
4 We logrammum infinitè exile, cujus 
by FA latus, DM, ſecet Curvam in 1, & 
ftangentem ejus, HN, in N; tum 
ſccundus ſeriei terminus repræ- 
ſentabit lineam MN, & tertius ter- 

q minus lineam NI. Atqui linea NI 
P A B C D E 0 dimidium tantùm eſt ſecundæ 
differentiæ ordinate : & proinde, cum Principia ſua Newtonus 
ſcriberet, tertium terminum ſeriei æqualem poſuit dimidio ſe- 


tum erat methodi differentiarum ſecundarum. 
Dum in eo opere verſaretur, ſœpiſſimè ci datum erat 


crementum illud, vel decrementum, eſt ipſa ſecunda fluxio quanti- 


2 2 — . - 


Anno 1692 Newtonus, à Walliſio rogatus, miſit ei propofi- 


393 
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393 & 396. Ideoque ne tum en oblitus erat methodiiſe. \ 
cundarum fluxionum. 5 
Nec ſane veriſimile eſt, ſe anno 1704, „chm actum ſcholium 
adderet fine libri de Quadraturis, oblitum eſſe non ſolum primæ 
jpſius illius libri propoſitionis, ſed & ultimæ quoque, ad quam 
ſcholium iſtud ſubtextum erat. Si vocula #7, quæ in ſcholio illo 
inter verba erit & ejus caſu aliquo excidiſſe potuit, ibi reponatur; 
tum ſcholium iſtud & duabus illis propoſitionibus, & ceteris New- 
toni ſcriptis, congruet: & fruſtrà omnino erunt, qui oblivionem 
| hic cavillantur. 

Atque hactenus de natura atque hiſtoria harum methodorum 
egimus: porro haud abs re fuerit, de toto hoc m_ obſerva- 
tiones pauculas ſubjungere. | 


tatus ; ſcripti nempe omnes poſtquam exemplar Principiorum 
Newtoni Hanoveriam ei miſſum fuerat; poſtquam viderat quo- 
que ejuſdem libri recenſionem, in Actis Eruditorum Far. & Feb. 
1689. In his vero Leibnitii tractatibus, primariæ Newtoniani li- 
bri propoſitiones novo modo recomponuntur, Leibnitioque arro- 
gantur; quaſi prius eas ipſe invenerat, quam Newtoni liber ede- 
retur. Quis teſtem in ſua ipſius cauſà patienter ferat ? Vel fidem 
faciat Leibnitius, ſe, ante Newtoni librum editum, eas excogitaſſe; 
vel de eis ſibi vindicandis pudorem habeat. 
In tractatuum illorum poſtremo, viceſima propoſitio (que om- 
nium Newtonianarum primaria eſt) Corollarium fit propoſitionis 
decimæ none. Atqui decima illa nona demonſtrationem ſibi an- 
nexam habet TXRACY OV & falſam. Aut evincat itaque Leibnitius, 
demonſtrationem illam non falſam eſſe; - aut fateatur ſe 19 & 20 
propoſitiones non ejus demonſtrationis ope repperiſſe; ſed, quo 
Newtoni eximiam illam propoſitionem pro ſua venditaret, de- 
monſtrationem ejus extundere fruſtrà tentaviſſe. Quippe in xx 
Propoſitione pre ſe fert, neſciſſe ſe, qua eam via Newtonus inve- 
nerat; ut fidem ſcilicet lectori faceret, ſe, ſine illius ope, eandem 
repperiſſe. 5 1 

Ex erroribus in x va & X12 Leibaitii . commiſſis, 
oſtenderat Keillius, Leibnitium, cum tres illos tractatus ſcriberet, 


operand: vias in ſecundis differentiis non optimè calluiſſe. Id 
VoL. IV, | Q WM: quod 


In Commercio hoc Epiſtolico, tres memorantur Leibnitu trac. Ne LXXII. 
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quod ampliùs adhuc conſtat, ex illius Tractatdis tertii Propoſitioni- 
bus x, x1, & x11. Has enim conſtituit ceu fundamentum ink. 
niteſimalis ſuæ Analyſeos, i in confiderandis viribus centrifugis ; & 

decimam quidem proponit in relatione ad centrum curvitatis or. 


bitæ; in undecima tamen & duodecima eam adhibet in relatione 
ad centrum circulationis. Cum hæc duo diverſa centra confude. 


rit, in fundamentalibus his propoſitionibus, fuper quibus calculum 
ſuum ſtruebat; non potuit fieri, quin in ſuperædificando peccaret: 

neque ex erroribus illis extricare ſe valuit, per ignorantiam ſuam 
in ſecundis tertiiſque differentiis. Atque hoc ulteriùs conſtat, ex 


ſexto ſecundi tractattis articulo. Quippe in iſto articulo lapſus eſt 


Leibnitius; peccatumque eo admiſit, quod nefciret ſecundas ter- 
tiaſque differentias rectè tractare. Cum hos itaque tractatus com- 
poneret, in diſcipulorum adhuc claſſe verſabatur; ;. 1dque eum de- 


cet, {i pudor eſt, candide fateri. 


Omnino ergo verifimile eſt, quemadmodum ex dictis tribus 
Newtoni epiſtolis, cum Barrovian tangentium methodo compara- 
tis, differentialem illam methodum extuderat Leibnitius; ita de- 
cennio poſt, cum. Newtoni Principia Philoſophiæ in publicum. 
prodirent, aliquatenus eum in illà progreſſum eſſe; dum tentaret 
dictam methodum ad primarias Newtoni propoſitiones extendere; 
& <4 occaſjone tres illos tractatus conficeret. Quippe propoſi- 
tiones, quæ in Hlis habentur, ft errores & quiſquilias dempſeris, 
omnino vel Newtonianz ſunt, vel ut corollaria ex eis facile dedu- 
cendæ; in alia ſcilicet verborum forma, re tamen non. diverla, 
jam ants a Newtono publicate. Has tamen Leibnitius vendita- 


vit, tamquam aſe ſolo diu ante inventas, quam a Newtono ſint 


edite. Nempe in extremo primi tractatiis, ſe inveniſſe eas fingit, 
antequam Newtoniana Principia prodiiſſent; immo nonnullas ex 
eis, antequam ipſe Pariſiis diſceſſiſſet, hoc eſt, ante Oœbrem anni 
1676. Tractatum autem ſecundum claudit his verbis: Malia 
ex his deduci poſſunt praxi accommodata; ſed nobis nunc fundamen- 
ta geometrica jeciſſe ſufecerit, in quibus maxima conſiſtebat di rfcul- 
tas. & Fortàſſis, attente conji deranti, UIAS quajdam Hod) , /atts antes 


 impeditas, aperuiſſe videbimur. Omnia autem reſpondent noir 


Analyſi infinitorum ; hoe eft calculo ſummarum & differentiarui, 


cujus elementa quadam in his Ace. dedimus, COmmunibus quoad 
licuit 
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Fcuit verbis Hic expreſs. In his, ut vides, jactat Leibnitiusg fe 
primum fundamenta geometrica, in quibus maxima conjiſtebat diffi- 


cullas, in hoc ipſo tractatu ſecundo poſuiſſe; ſeque ſolum vias 


guaſdam novas ſais antea impeditas in tractatu eodem aperuiſſe: 
cum tamen prius ferme biennio prodiiſſent Newtoni Principia, 
atque in hoc ipſo tractatu edolando, ſubſidio fuiſſent Leibnitio; 
quin & communious quoad licuit verbis compoſita eſſent; atque 
omnia iſta fundamenta omneſque iſtas vias novas in ſe contine- 
rent. Atque horum omnium conſcius erat Leibnitius, tum cum 
tractatum illum ederet; ultroque tum agnoſcere & prædicare de- 
bebat, Newtonum fuiſſe, qui Fundamenta Geometrica in quibus 
maxima con ſiſtebat difficultas primus poſuerit; qui vias novas, ſatis 
antea impeditas, primus expediverit. Atque hæc quidem omnia 
quodammodo agnoſcebat in reſponſo ad D. Fatium; m me- 
thodum, inquiens, ante dominum Newtonum & me, nullus quod 


ſfciam geometra habuit; uti ante hunc, maximi nominis geometram, 
' NEMO, SPECIMINE publicè dato, ſe habere PROBAvIT. Atqui quod 


ed occaſione tam liberè faſſus eſt Leibnitius ; fi candor, fi honor 
ei conſtet, ubique ac ſemper profiteri debet. 


In epiſtola ſui 28 Maii 1697, ad Wallifium ſcriptà, fic narrat x» LYXVI, 


Leibnitius: Metbodum, inquit, fluxionum profundiſſimi Newton! 
cognatam eſſe metbodo mea differentiali, non tantum animadverti, 
poſiquam opus ejus [Principiorum ſeilicet] & tuum prodiit ; ſed 


eliam profeſſus-ſum in Aclis Eruditorum, & alias quoque monui. 


id enim candori meo convenire judicaui, non minus quam ipſius me- 


rito. Traque communi nomine deſignare ſoleo Analyſeos Inſinitęſima- 


Is; que latius quam tetragoniſtica pajet. Interim quemadmodum 
& Vietæa & Cartęſiana methodus Analyſeos Specioſaæ nomine venit, 


lſcrimina tamen nonnulla ſuperſunt; ita fortaſſe & Newtoniana 
& Mea diferunt in nonnullis. Et in his quoque profitetur Leib- 


nitius, cum Newtoni Principia prodiiſſent, ſe percepiſſe ſtatim af- 
finitatem, quæ inter geminas methodos intercedit; & idcirco com- 
muni ſe utramque infiniteſimalis methodi nomine vocitare; quin 
& candoris ſui eſſe, ut affinitatem illam agnoſcat. Atqui ſi pro 


homine candido haberi ſe poſtulat; idem hoc, quod agnovit olim, 


& nunc debet agnoſcere. Quin & fatetur methodum Newtonia- 
nam eo ferè gradu ſuæ methodo præiviſſe, quo Vietæam Carte- 
249 2 han: 
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fianæ atque ut inter has, ſic inter ſuam & Newtoni, diſcriming 
quædam manere: & deinde ea enumerat, quibus methodum 


Newtoni ampliaàſſe, & promoviſſe fe arbitratur. Atqui temporis 
iam prærogativam, quam tum, apud Walliſium, Newtono conce- 


debat; etiam adhuc, & apud ſuos, debet concedere. 
Cum diſcrimina illa, ſive augmenta, ? Newtoni method : 1 ſe ad- 
dita memorat Leibnitius ; in ſecundo loce ponit Ditterentiales A 


quationes. Atqui epiſtolæ illæ, que anno 1676 inter ipſos in- 
terceſſerunt, clare monſtrant Newtonum eo tempore differentiales. 
iſtas habuiſſe; Leibnitium verd minime.. In tertio loco recenſet 
Aquationes Exponentiales: atqui has quoque Anglis debet Leih- 
nitius. Walliſius, in ferierum interpolatione, conſideravit frac. 
tos & negativos dignitatum indices : Newtonus in computationes. 
analyticas fractos (), furdos, negativos, & indefinitos dignitatum 
indices introduxit; & epiſtolà 24 Ocilob. 1676 certiorem fecit 


Leibnitium, ad affectas æquationes, quæ dignitates eas; quarum 
indices fracti vel ſurdi erant, involverent, ſuam methodum ſe ex- 


tendere. In reſponſo autem, 21 Jan. 1677 dato, viciſſim petit à 


Newtono Leibnitius, ut dicere vellet quid de reſolutione æ qua- 


tionum ſentiret, involventium dignitates quarum indices eſſent 


indeterminati; quales hz effent, x” + y*=ay. x*+y7= Atqui 


has ipſas æquationes nunc exponentiales nominat; ſeque orbi lite- 


rato venditat primum earum inventorem-;; hancque ut eximiam 


quandam inventionem oſtentat: nec tamen vel agnovit hactenus 


auxilia, ad rem eam inveniendam, a Newtono ſibi ſubminiſtrata; nec 
vel uno exemplo utilitatem ejus, ubi dignitatum indices ſint flu- 
entes, oſtendere valuit. Cùm autem, ut credihile eſt, nondum 


eam, pro ſolità ſuà impatientia, præque talis exempli inopia abje- 


cerit; æquum eſt, ut ſperemus tandem eum aliquando mirificam. 


ejus utilitatem publics oſtenſurum eſſe. 
In epiſtolà ad Leibnitium, 24 Oclob. 1676 datà, Newtonus dixe- 


rat, ſe binas, inverſa tangentium problemata & alia ejuſmodi dif- 


ficilia reſolvendi, methodos habere; quarum unam conſiſtere 7 aje 


Sumendo ſeriem pro qudvis ignotd quantitate, unde cetera £01110; 


poſſent deduci; & in conferendo homologos terminos ſuborient!s ar 
quationis, pro delerminandis aſſumpte ſeriei terminis. Quid Dic 
(') Vide Tom. I. p. 10, Not.“. 


facit 
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facit Leibnitius ? Multos poſt annos, in Actis ſcilicet Eruditorum 
Augu/t 1693, banc methodum tamquam ſuam publicat, ejuſ- 
que primam ſibi inventionem arrogat. Aut publice vero huic 
abrenuntiet; aut argumentis vincat ſe eam aer priuſquam 
dictas Newtoni literas acceperit. | 

nud quoque publice ei confitendum eſt; ſe Oldenburgii epiſ- 
tolam 15 Aþrilis 1675 accepiſſe; qua plurimæ {ſeries convergen- 
tes pro Curvis quadrandis, & imprimis illa Jacobi Gregori pro ar- 
cu dati tangentis inveniendo, atque inde circulo quadrando, con- 
tinebantur. Hoc quidem privatim faſſus eſt, epiſtola ad Olden- Ne- 
burgium, propria manu 20 Mali 167 5 ſeriptà, queque etiam ad- XXXVH- 
huc ſupereſt in libro Reglz Societatis epiſtolari: nondum tamen 
publice agnovit; ut tum ſane factum oportuit, cum illam ipſam 
ſer em ut ſuam maluit edere. 

Porro illud quoque agnoſcendum ei eſt publicè; ſe extracta Ne XLVI, 
epiſtolarum Gregorianarum accepiſſe, que ipſius rogatu Par iſios 
ei miſit Oldenburgius menſe 7420 1676; in quibus erat una Gre- 
gorti, de ifta ſerie 1 5 Feb. 1071; & Newton 28 de Methodo 
Fluxionum, 10 Decenib. 1672. Ne XLIIE. 

Quandoquidem autem in epiſtola, 28 Dec. 167 5, Oldenburgio 
ſignificavit Leibnitius, ſe ſeriem illam cum amicis Parifienfibus,, 
diennio ante, communicaſſe; deque ea re aliquoties ad ipſum ſcrip-N xiv. 
ſiſſe: in ali\ item epiftola, 12 Ma! 1676, ſe de ſerie illà ante ali- N LI. 
quot annos ad ipſum literas dediſſe: porro in alia, 27 Aug. 167 6, 
ſe ſeriem illam amicis oſtendiſſè triennio ante & ampliùs, hoc eſt, 
quim primùum Parifios à Londino veniſſet: illud à Leibnitio jure 
expectamus, ut dicat qui evenerit, ut, cùm Oldenburgii epiſtolam xo xILII. 
75 Abr. 167 5 acciperet, ilam ipſam ſeriem eſſe ſuam ignoraverit. 

In epiſtolis, 15 . % 26 Octob. 1674 datis, non niſi unam N* xxx1,, 
ſeriem memorat Leibnitius pro circuli circumferentià; metho . 
dumque, qui ad hanc pervenerit, ſibi etiam ſeriem obtuliſſe di- 
at, pro arcu cujus ſinus datus fuerit, etſi arctis proportio ad cir- 
cumferentiam totam fit ignota. Ergo Iſta methodus, ex dato tri- 
gta graduum ſinu, ſeriem ei ſuppeditavit pro circumferentià 
toi. Quòd fi ſeriem quoque habuit pro toti circumferentid, a 
I graduum tangente deductam; rogatur ut publice doceat, 
qua methodo, quæ ambas iltas ſeries ei dare poſſet, eo tempore tit 

uſus: 


— OS 


* 
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iſtis epiſtoks non niſi unam circuli quadraturam memoret, 


N XLIV. 


Ne XLIV. 


burgio peteret, ut ille Newtoni demonſtrationem pro ipſa 1114 ſes 


lumque poſtea, 167 3, Pariſienſibus eam amicis pro ſua venditäſſe; 


JJ) ũ HT 1H. 
uſus: cùm methodus per figurarum tranſmutationem nequaquam 
hoc efficere valeat. Rogatur inſuper, ut rationem reddat, cur in 


Porro fi anno 1674 jam tum demonſtrationem habuit eric; 
pro inveniendo, cujus ſinus datus fit, arcu; rogatur, ut eam in pub- 
licum proferat; dicatque, cur in epiſtola 12 Mali 1 076 ab Olden- 


rie a Collinio adi piſceretur; & qua tandem re Newtoniana ſeries 
A ſul illà differat. Quippe ex his omnibus non levis ſuſpicio ori. 
tur, Newtonianam ſeriem, pro reperiendo cujus ſinus datus i 

arcu, Leibnitio dum in Anglia commoraretur, efle traditam: i]. 


proximoque anno, etiam ad Oldenburgium, quaſi de ſui literas de- 
diſſe, quo demonſtrationem, ſive methodum ſerierum ejuſmodi 
inveniendarum, expiſcaretur. Anno vero inſequente, cum 0l- 
denburgius & iſtam, de qua loquimur, ſeriem, & illam Gregoria- 
nam, & ſex preterea alias ad ipſum miſiſſet; non diutiùs eam ſe- 
riem arrogare ſibi Leibnitius ſuſtinuit, inopia demonſtrationis: 
ſeque dixit, ſeries iſtas lentè examinare, cumque ſuis comparare; 
quaſi ſuæ illz a ſeriebus ex Anglia miſſis eſſent diverſe. Deni- 
que, cùm ſeriei Gregorianæ demonſtrationem extudiſſet per figu- 
rarum tranſmutationem, Pariſienſibus eam ſeriem amicis velut 
ſuam oſtentare cœpit; ut ipſe in Actis Eruditorum Abr. 1691, 
Pag. 178 narrat; Jam anno, inquiens, 167 5 compoſitum habebant 
opuſculum Quadraturæ Arithmetice, ab amicis ab illo tempore lefumn, 
©c. At amicos iſtos celavit epiſtolam, qua per Oldenburgium 
illam ſeriem nactus eſt ; ipſique adeo Oldenburgio aſſeveravit, ſe, 
uno alterove anno ante ſcriptam ejus epiſtolam, ſeriem iſtam rep- 
periſſe. Porro & ſequente anno, cum binas Newtoni ſeries per 
Gregorium quendam Mohr iterato accepiſſet, ſic de eis ad Olden- 
burgium ſcripſit, ut numquam ſibi antea viſis; ab eoque petut, ut, 
per Collinium, Newtoni, pro eis inveniendis, methodum nanciſce- 
retur. Cæterùm hanc gravem ſuſpicionem ſi eluere volet Leibni- 
tius; illud imprimis argumentis certis oſtendat, ſe ſeriem iſtam 
Gregorianam, priuſquam per Oldenburgium eam accepiſſet, ſuo 
ſolius acumine repperiſſe. 
| 00 
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Hoc quoque, prout æquum eſt, monſtrabit Leibnitius; qui 
primum methodo diverſas Has regreſſionis ſeries, pro circulo & 
pyperbola, a Newtono quidem ad ipſum miſſas x 3 Jun. 1676, at NO Tux. 
in epiſtola ſui 27 ſequentis Auguſti ſibi attributas, invenerit, an- 
tequam à Newtono eas accepiſſet. 

Cumquèe ab ipſo rogatus Newtonus regreſſionis methodum ei No LXIV, 
indicaviſſet; quam ut primùm legit Leibnitius, neque ſuam eſſe 
zonovit, & ne intellexit quidem : poſtea vero. quam percipere N* LXX. 
eam potuit, ut fuam ſibi arrogavit, olim ſcilicet a ſe inventam, 

ſed in chartis ſuis reconditis oblivione ſepultam: vel probet Leib- 

nitius, ſi candidi æquique hominis nomen cupit auferre, ſe pri- 

mum ejus methodi inventorem eſſe, vel vero inventori concedat. 

In literis ad Oldenburgium datis 3 Feb. 1 674 proprietatem No xXx T. 
quandam ſeriei numerorum, naturalium, triangularium, pyrami- 
dalium, trianguſo-triangulorium, &c. ut inventum ſuum oſtenta- 

vit Leibnitius; quoque majorem fidem faceret, mirari viſus eſt 

D. Paſcalinm, in triangulo ſuo Arithmetico, eam præteriſſe. Ce- 
terùm is liber Paſcalii anno editus eſt 1665, atque iſtam ipſam 

feriei ejus proprietatem continet. Agnoſcat itaque Leibnitius, 
proprietatem iſtam minimè à Paſcalio fuiſſe præteritam; neque 

pergat ſibi vindicare, cum veri inventoris Injuria, 

Abrenuntiet quoque methodo differentiali Newtoni ;. neque ſe N xxx. 
in partes ingerat, quaſi ſecundus ſcilicet inventor.. Secundis in- 
ventoribus, etiam reverà talibus, vel exiguus vel nullus eſt honos; 

tituli vel juris nihil eſt. Quid. cum iſtis igitur fiet, qui vel ſecun- 

dos ſe fuiſſe, nullis certis argumentis poſſunt evincere ? In literis 

ad D. Sloane, 29, Decemb. x7 11 datis, amicos ait ſuos probè ſcire, Ne LXXXVY. 
quo pacto differentialem methodum invenerit. Quid amicos no- 

bis narrat 2 Ipſe plane, aperte, ſine tergiverſatione dicat, qua 

eam via reppererit. 

In jiſdem ad D. Sloane literis narrat, ſe, novennio ante quam 

eam in lucem ederet, methodo potitum eſſe; hoc eft, anno 1675 

vel prius. Atqui certum et, 27 Aug. 1676, cum literas ad Ol- 
denburgium mitteret, nondum illum habuiſſe eam. Quippe ibi 
affirmat problemata inverſe tangentium methodi, plurimaque 

alia, non poſſe ad ſeries infinitas, neque ad equationes, aut qua- 

1 draturas 
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„ 


draturas reduci. Ouomodo kec duo conciliari inter ſe poſing, 


r ubi otium eſt, videbit. | 

Jam fupra didicimus, Leibnitium, dum per Angliam & . 
Ania domum rediret, dediſſe operam Sluſianæ pro tangenti- 
bus methodo promovendz, & ad omne genus problemata exten. 
dendæ; -eaque cauſa generalem tangentium tabulam conficere 
voluiſſe. Nondum igitur veram iſtius method Promotionem 
invenerat. Atqui ſemeſtri fere poſt tempore, cum in veram ejus 
promotionem recens inciderat, reſcripſit his verbis: Clariſſimi 
Slufri methodunt tangentium nondum ej? abſolutam, celeberr; 10 
Newtono :afſentior : & jam a MULTO TEMPORE rem tangentiyy 


7 eneralins tractlavi, ſcilicet per d iferentias ordinatarum. Bene 


ſane, a multo tempore; nimirum ſemeſtri. Excogitet jam ali— 
quid, pro candore ſuo, Leibnitius, cur tantillum temporis ut mul. 


tum deprædicaverit; niſi eo conſilio, ut. inventoris titulum Neu- 
tono præriperet; fidemque faceret, ſe, diu antequam Neutoni lite- 


ris eam edoctus eſſet, differentialem methodum penes ſe habuiſſe. 
In Actis Eruditorum Junii 1696, dum duos priores Walliſia- 
norum Operum tomos recenſent editores (hoc eſt, ipſe Leibnitius 
ita narrant: Ceterum ipſe Newtonus, non minus candore quam pra- 
claris in rem mathematicam meritis inſignis, publice & privatim 


agnovit Leibnitium, tum cum, interveniente celeberrimo viro Hen- 


rico Oldenburgio Bremenſi Societatis Regia Anglicane tunc fecre- 
vario, inter 1h/os,. eju/dem jam . Societatis ſocios, comimercium 
intercederet, id et, jam fere aniè annos viginti & amplius, calcu- 
lum ſuum differentialem, ſerieſque infinitas, & pro iis quoque me- 
thodos generales habuiſſe 3; quod Wallifius, in prefatione operum fac- 
te inter eos Communicationis mentionem faciens, prateriit; quoniam 
de eo fortaſſe non ſatis ipſi conflabat, Cæterum differentiarum con- 
fideratio Leibnitiana, cujus mentionem facit Walliſius, nequis ſcil- 
cet, ut ipſe ait, cauſaretur de calculo differentiali nihil ab ipſo die- 
tum fuiſſe, meditationes aperuit, que aliunde non aque naſceban— 
tur. Ex his patet a Leibnitio lectam eſſe præfationem illam Wal- 
liſii; in qua narrat is, Newtonum, anno 1676, methodum ſuam 
fluxionum Leibnitio explicaviſſe; quam tamen decennio ante, vel 
ampliùs, Newtonus inveniſſet. Atqui a Newtono nunquam cłe- 
ditum eſt, Leibnitium ante annum 1677 differentialem metho- 

| dum 
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inveniſſe: ipſeque adeo Leibnitius, in Actis Eruditorum Apr. 
1691, p. 178, faſſus eſt, inventam eſſe poſtquam damum Pari- 


is rediſſet ad negotia publica capeſſenda; hoc eſt, poſt annum 
1676. Quod autem ad generalem ejus infinitarum ſerierum me- 


thodum attinet; tantum abeſt ut generalis dicenda ſit, ut vel 


exiguæ vel nullius prorſus ſit utilitatis ; nifi forte ut anſam Leib- 
nitio præbeat, qua Gregorianam, pro circulo quadrando, een ſibi 
trans feratque. 

In reſponſo ad D. Fatium, in Actis Erud. 1700, p. 203, edi- 
to, hæc habet Leibnitius. J%% [Newtonus! ſcit unus omninm 
optime, ſatisque indicavit publice, cum ſua Mathematica Nature 
Principia publicaret, anno 1687, nova quadam inventa geomelri- 
ca, que ipſi communia mecum fuere, NEUTRUM LUCI AB ALTER® 
ACCEPTA&, fed meditationibus quemque ſuis debere; & a me deven- 
nio ante [i. e. anno 1677] expoſita fuige. Atqui in libro Princi- 
piorum hic ad partes vocato, minime agnovit Newtonus, ſuis eam 
methodum viribus inveniſſe Leibnitium, non a Newtonianis illis 
epiſtolis adjutum: Wallifiuſque nuper contrarium aſſęveraverat, 


refellente tum nemine, vel contradicente. Quod fi poſtea eam 


fine ope Newtoni quam maxime inveniflet Leibnitius, ſecundis 


tamen inventoribus exilis prorſus eſt gratia, nec niſi otra 
ſuhſellio locus; ne dicam, jus omnino nullum. 


In eodem ad Fatium reſponſo hæc quoque habet Leibnitius:: 
Cert? cum elementa calculi mea edidi anno 1684, ne conſiabat qui- 
dem mibi aliud de inventis cjus I ſc. Newtoni] in hoc genere, quam, 


uod ipſe olim fignificaverat in literis, poſſe ſe tangentes invenire non 


fublatis irrationalibus; quod Hugenius quoque ſe poſſe mihi ſignifica- 
vit poten, ei caterorim ejus calculi adbuc expers. Sed majora 
multo conſecutum Newtonum, viſo demuzm libro Principiorum ejus, 
ſatis intellexi. In his iterum agnovit, librum Principiorum ad 
Newtonianam fluxionum methodum ſibi aditum patefeciſſe: idem 
tamen ipſe jam negat, quicquam illius methodi in dicto libro 


contineri. In his ſimulat, ſe, priuſquam iſte liber prodiiſſet, nihil 


amplius de Newtoni inventionibus ſciviſſe, quam quod metho- 
dum quandam tangentium habuerit; & ex iſto demum metho- 
dum ejus fluxionum percepiſle : atqui in epiſtola, 21 Jun. 1677 
Gta, agnovit methodum eam ad curvilinearum figurarum qua- 
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draturas ſe extendere, ſuzeque ſimilern eſſe. Verba ejus hæc ſunt; 
Avrbitror quæ celare voluit Newtonus, de tangentibus ducendis, oz 
bis non abludere. Nuod audit, ex hoc eodem fundamento quadra- 
turas guosue raddi faciliores, me in ſententia hac confirmat ;_ nimi. 
rum ſemper RIES ule ts — gue ſunt ad ag larionen 
. eee tialem. 

Newtonus in tribus illis ate, quas, ut edvxims, 10 Olden- 
burgio Leibnitius acceperat, tam generalem eſſe ſuam methodum 
dixerat, ut ope æquationum, finitarum & infinitarum, determi- 
naret maximas & minimas, tangentes, areas, ſolida contenta, cen- 
tra gravitatis, longitudines ac eurvitates curvarum linearum, cur- 
vilinearumque figurarum, idque ſine ablatione radicalium ; ex- 
tenderetque ſe ad ſimilia problemata in Curvis, ut vulgo vocantur, 
Mechanicis; itemque ad problemata tangentium inverſa; & ad 
omnia ferè, niſi forte numeralia quædam, qualia ſunt Diophanti. 


Leibnitius vero, in epiſtola 27 Aug. 1676, vix credere fe poſſe 


finxit, eam methodum tam eſſe generalem. Newtonus, in prima 
ex tribus illis epiſtola, tangentium methodum propoſuit, ex gene- 
rali ea methode deductam, exemploque eam illuſtravit; genera- 
liſque methodi ramum, vel corollarium, eſſe monuit; & ejuſmodi 
eſſe Sluſianam, que nondum tum prodierat, conjeeit. Hic re 
excitatus Leibnitius meditabatur, ſiquà via promovere poſſet me- 
thodum Sluſianam, eamque ad omnia problemata extendere; 
quemadmodum jam antè ex ejus literis monſtravimus. In tert 
vero epiſtolà ſuam methodum illuſtraverat Newtonus per theore- 
mata pro quadraturis, & eorum exempla. Quibus adjutus Leib- 
nitius, in epiſtola 21 Juni 1677, methodum ſuam cum Newto- 
nianai congruere dixit, ducende tangentes; producendo metho- 
dum sluſii; procedendo fine fractionum & ſurdarum ablatione; 
quadraturaſque reddendo multò expeditiores. His tot & toties 
actis, ad conterraneos ſuos affirmare, ſe, cum differentialem me- 
thodum anno 1684 ederet, nihil tum amplius de Newton! in- 
vento inaudiviſſe, quam quod is methodum quandam tangentium 
e cujus tandem eſt hominis? 


Porro eo tempore Leibnitius de ſua methodo nihil ind expli- 


caverat, nifi-per eam tangentes duct poſſe, maximaſque & mini- 


mas determinari, fine ademptione fractionum vel ſurdarum. Hoc 
| vero 


r 
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yerd totum etiam per Newtoni methodum effici poſſe, certo ſcie- 
pat; neque candidi erat hominis id diſſimulare. Cùm autem 
hactenus ſuam methodum expoſuiſſet Leibnitius, addidit, ſe hic 
| geometriæ multo ſublimioris initia poſuiſſe, pervenientis ad diffi- | = 
cillima quæque & utiliſſima problemata, quæ fine calculo diffe- — 
rentiali, AUT SIMILI, vix ſolvi poſſint. Quid verò illud aur $1- ö 
\11L1 ſibi vellet, qui quæſo conterranei ejus, ſine CEdipode, poterant 
intelligere? Enimvero planis diſertiſque verbis dictum ab eo opor- 1 
tuit, SIMILEM illam, quam innuit, methodum Newtoni fuiſſe; 5 
quam late ea pateret, quam a longo tempore reperta eſſet, prout 
ipſe ex Anglia didicifſet, narrare; ſuamque illa poſteriorem eſſe 
confiteri. Hoc omnes controverſias præcidiſſet; hoc candidi & 
honeſti viri officium erat. Horum tamen omnium quaſi oblitus, 
ſuis ille conterraneis, in reſponſo ad Fatium, prædicat, ſe cum anno 
1684 calculi ſui elementa ederet, nihil tum de ulla sIuILI me- 
thodo inaudiviſſe.z nihil de ulla alia niſi ad ducendas * 8 | 
quod qualis hominis fuerit, aliis dicendum relinquo. A r r . j 
Illud denique Leibnitio eft expediendum : qui factum fit, ut in 
reſponſis ſuis ad Walliſium & Fatium, quorum uterque primi 
ejus methodi inventoris gloriam Newtono detulerat, nihil tum 
ipſe de ſe, ut priore inventore, dicebat; ſed ſenum geometrarum 
mortem operiebatur, alioſque, qui ſuperſtites adhuc ſunt, pro no- 
vitiis habebat: quin & ipſum Newtonum adortus, cum quoquam 
ſe alio certaturum negabat. Atqui dixerat ei Newtonus, in epiſ- 
tola- 24 Ociob. 1676, ſe tum ante annos quinque, quo quietiùs ys LyiI. 
#tatem ageret, conſilium publicandi, quæ de hoc argumento ſcrip- 
ſerat, abjeciſſe: & ex eo quidem tempore ſtudioſè vitavit omnes, 
de rebus philoſophicis ac mathematicis, diſputationes; quin & à 
commercio de his rebus literario, ut diſputationibus anſam porri- 
gente, data opera abſtinuit; eandemque ob cauſam, neque de 
Leibnitio queri priùs ſuſtinuit, quam in Actis ſe Lipſienſibus ut 
plagiarium traduci vidiſſet; Keilliumque eo tantum nomine in 
lites trahi, quod ab hac eum crimine vindicare conatus ſit. 
Inſimulatum quidem eſt, quaſi Regia Societas ſententiam con- 
tra Leibnitium in hac cauſi tuliſſet, non utraque parte audita. 
Non ita ſe res habet. Nondum ſententiam tulit Societas. Leib- 
nitius quidem poſtulabat à Societate, ut Keillium inauditum dame 
RT 2 nare 
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nare vellet: uded un ipſe jure eodem ſie damnari potuiſſet; cum 
idem fit: jus Seio quod IItio, Keillio quod Leibnitio. Cumque 
atcuſationem fuam adverſus Keillium qiſtituiſſet Leibnitius, jure 
potuiſſet Societas notam illi inurere. Ea vero certorum tantùum 
hothinum. gonfeſſum legit, qui ſcrutarentur epiſtolas atque char. 
tas, que de his rebus in Archivis Societatis habentur ; & ſecun- 
dum: ilas chartas epiſtolaſque rem ipſam, ut erat, Societati narra- 
rent. Non enim ideo lecti erant, ut Leibnitium vel. Keillium, 
fed ut veteres chartas, examinarent: in eaque re probe ſe & ho- 
neſtèe geſſerunt. Numeroſus quippe conſeſſus erat; è viris erudi- 
tis diverſarum nationum lectus : quorum fidem in epiſtolis char- 
tiſque examinandis, fideliterque edendis, nihil quicquam, ullius 
hominis gratia, addendo, vel omittendo, vel mutando, Societas tota 
comprobavit. Quin & ipſe epiſtolæ . atque chartæ, Societatis 
juſſu, conſervantur adhuc; ut ſi quis velit, ibi conſuli, & cum 
edito Commercio Epiſtolico comparari poſſint. Illud interim 
ſubmonendus eſt Leibnitius; cum id Societati intpingit, quaſi in- 
auditum eum condemnatum iflet, id ob eam rem, per ſtatutum 
ejus quoddam, commeritum ſe eſſe, ut nomen ejus inde expun- 

n_ ĩͤ e er oor ly 
Philoſophia porro, quam in Principiis ſuis atque Opticis New- 
tonus excoluit, eſt experimentalis: illa ſcilicet, que cauſas re- 
rum non fidentias docet, quam per experimenta confirmari que- 
ant; neque implenda eſt opinationibus, quæ per phenomena ne- 
queunt probari. Et idcirco in Opticis ſuis, res experimentis fir- 
matas, ab illis quæ incertæ adhuc manent, diſtinxit Newtonus: & 
incertas aliquot ejuſmodi, fab finem Opticorum, ut querenda pro- 
poſuit. Eandemque ob cauſam, in Principiorum prefatione, cam 
memoraftet motus planctirum, cometarum, lunz ac maris; ceu 
in libro illo de Gravitatis theoria deductos, hec-addidit : Uimam 
cœtera nature phenomena ex Principiis Mechanicis, eodem argi- 
mentanti genere, derivare liceret. Nam multa me Movent, ut non 
nibil ſuſpicen, ea omnia ex viribus quibuſdam pendere poſe, quibus 
cor porum particule, per cauſas nondum cognitas, wel in fe muiub 
impelluntur, & ſecundum regulares figuras coharent, vel ab invi. 
cem fugantur, & recedunt : quibus viribus ignotts, philoſopbi hatte- 
mis naturam fruftra tentdrunt. Et fab finem ejus libri, in > 

& Cul 
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COMMERCII EPISTOLICTI. 


gotio ſufficientium, non aggreſſus fit leges actionum illius ſpiritüs, 
five agentis, deſcribere, per quem efficitur hc attractio. Quin & 
eandem ob cauſam de Gravitatis cauſa nihil pronuntiat; quòd 
nulla experimenta, ſive phænomena, ad man um eſſent, que cau- 
fam illam certò indicare poſſent. Atque hoc in Principiis ſuis, 
ſub ipſo initio, abunde declaraverat, his verbis: Virium cauſas & 
ſedes phy/icas jam non expenda., Et paulo poſt : Yoces attractionis, 
Impulſics, vel Propenſionis cujuſcungque in centrum, ind, iferenter & pro. 
ſe mutuo promiſcue uſurpo; has wires, non phyſi ce, ſed mathematice 
tantum conſiderando. Unde caveat ledlor, ne per hujuſmodi voces 
copitet me ſpeciem vel modum aclionis, cauſamve aut rationem phy- 
ficam alicubi defarure : ; vel ceniris, que ſunt puncta mathematica,. 
uren vere & phyfice tribuere; fi forte aut centra trabere, aul vi- 
res centrorum eſe dixero. Et ſub ſinem Optices: 24d caujd ei- 
ciente be attractiones [1c. gravitas, viſque magnetica & electrica] 
peragantur, bic non inquiro. Nuam ego attradtionem appello, 


copnito. Hauc vocem attractionis ita hic accipi velim, a. in uni. 
pe/ſuim folummodo vim aliquam fignificare intelligatur, qud corpora 
ad ſe mutuò tendaut; cuicunque demum Cauſe attribuenda ſit lla 
vis: nam ex pbænomenis natis & illud nos prius edoclos efſe oportet, 


 proprietates iftius attractionis, quam in id inquirere far fit, qudnam 


attractiones tamquam vires conſiderat, quas in rerum naturà ex- 
itentiam habere, licet cauſe earum nondum ſint cognitæ, per. 
phænomena conſtat: diſtinguitque eas a. qualitatibus occultis, 
que a ſpecificis rerum formis fluere exiſtimantur. Et in ſcholio 


laſlet, hæc addidit: Rarionem verò barum Gravitatis proprietatum. 
er phanomenis nondum potui deducere ; & bypotheſes non fings. 
Wicquid enim ex phanomenis non deducitur, hypotheſis vocanda et; 
Oy bypotheſes, Jeu metaphyſice, ſeu phyſice, ſeu qualitaium occultas: 
Tum, ſeu mechanice, in pbiloſophia experimentali locum non babents. 
Satis eft,.quod Gravitas reverd exiſiat, & agar ſecundum leges 


5 | omnes 


cunda editione, narrat; ut, pre inopià experimentorum tanto ne- 


fert Jane potęſt, ut ea efficiatur impulſu; vel alio aliquo modo nobis in 


(uenam corpora' ſe invicem atirabant, & quænam ſint leges . 


eficiente cauſd peragatur attraclio. Pauloque inferius, eaſdem 


ſub extremum Principiorum, cùm Gravitatis proprietates memo 


0 „dis expoſitas, & ad coſ por um caleftium & maris noftri in | 
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omnes ſuſfſiciat. Jam vero, poſt hæc omnia, que: conſulto præmo- 
nuerat Newtonus, quis non miretur, ideo eum à quoquam ſugil. 
lari, quod cauſas gravitatis aliarumque attractionum non per hy- 


pPotheſes explicet? quaſi criminis loco eſſet, certis eſſe contentum, 
incerta verò dimittere. Et tamen Actorum Eruditorum (anno 


1714 menſe Martio, p. 141, 142) editores, id Newtono expro- 
brant, quod cauſam Gravitatis neget eſſe mechanicam; aſſerunt. 
que, ſi ſpiritus ille, vel agens, quo electrica fit attractio, non ſit 
æther vel ſubtilis Carteſii materia, quavis id hypotheſi contem- 
tius eſſe; ut fortaſſe ſit Principium Henrici Mori hylarchium. 
Quin & ipſe Leibnitius, in tractatu De honitate Dei, & in epiſto- 


lis ad Hartſoekerum atque alibi, Newtono id vitio vertit, quaſi 
Gravitatem faceret naturalem quandam & eſſentialem corporum 


proprietatem, immo occultam qualitatem, ac denique miracu- 
lum. Atque hujuſmodi cavillationibus, homines hi conterraneis 


ſuis perſuaſum eſſe cupiunt, judicio eum & acumine parum va- 


lere; neque eum eſſe, qui methodum infiniteſimalem, rem tam 
arduam, invenire potuiſſet. . es 
'[11ad- profecto confitendum eſt; in philoſophia tractandà New- 


tonumiiiter & Leibnitium plurimum intereſſe. Prior ille eo uſ- 


que progeditur, quo phænomenorum & experimentorum evi- 
dentia eum ducit; & ubi illa defic, pedem ſiſtit: poſterior hy- 


potheſibus ſuis ſcatet totus; eaſque proponit, non experimentis 
txaminandas, ſed clauſis oculis credendas. Ille, inopia experi- 


mentorum, quæ cauſam Gravitatis certo indicare poſſint, utrum 
mechanica fuerit necne, non affirmat: hic, ſi mechanica non fit, 
perpetuum eſſe miraculum pronuntiat. Ille, atque id quoque 


non definiens ſet quœrens, Creatoris potentiæ tribuit, quod mi- 


nimæ quæque materiz partes ſint dure: hic illam materia duri- 
tiem conſpirantibus quibuſdam motibus imputat; &, fi cauſa 
ejus alia ponatur quàm mechanica, pro perpetuo eam miraculo 
deridendam propinat. Ille motum in homine animalem, non au- 
det affirmare, merè eſſe mechanicum: hic purè mechanicum 
eſſe audacter aſſerit; cum ex hy potheſi ejus de harmonii præſta- 
bilita, numquam anima vel mens hominis ſic agat in corpus, ut 
motus hujus vel impediat, vel adjuvet. Ille Deum aſſerit Deum 
in quo vivimus, & movemur, & ſumus) eſſe omnipræſentem; non 
| tamen 
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men ut mundi animam: hic, non mundi quidem animam efle, 
ſed INTELLIGENTIAM SUPRAMUNDANAM : ex quo illud conſequi 
videatur, non poſſe Deum intra mundi limites quicquam efficere, 
niſi per miraculum prorſus incredibile. Ille philoſophis præcipit, 
ut à phænomenis & experimentis ad eorum cauſas progredian- 
tur; atque inde ad cauſarum iſtarum cauſas; & ſic deinceps, donec 
ad primam cauſam perveniatur. Hic omnes cauſæ primæ ac- 


tiones pro miraculis haberi; omneſque leges per Dei voluntatem 
naturæ impreſſas pro perpetuis miraculis occultiſque qualitatibus 
cenſeri; & 1dcirco ex philolophia exulare jubet. Siccine verè 


agitur? An perpetuæ & univerſales naturz leges, fi ex potentia 
Dei, cauſœve adhuc nobis incognitæ actione deriventur, pro mi- 
raculis & qualitatibus occultis, hoc eſt ex ejus ſententia, pro mon- 


{tris & abſurditatibus, ſunt exſibilande ? Omnia porro pro Dei 


exiltentia de nature phenomenis ſumpta argumenta, idcircone 


ſunt explodenda, quia novis quis ea nominibus & ignominioſis 
infamet ? An, ut ſuperſtitioſa & abſurda, rejicietur Philoſophia - 
Experimentalis, quia neque ultra experimenta definire quicquam 
vult ; neque adhuc per experimenta probare poteſt, nature om- 
nia phænomena per cauſas mere mechanicas poſſe ſolvi? Res pro- 


fecto digna eſt, quæ & mature & ſeriò conſideretur. 
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\U AM ob cauſam edite . At he epiflole chartuleque et 
apparebit ex literis D. Leibnitii & D. Keillii in hne ſubjunclis. 
Ofen/ionerm attulerant D. Leibnitio nonnulla, que. ſeripto prod:dit 
D. Keillius in Actis Londinenſibus anno 1708, injſuriam D. New- 
tono oblatam propulſang. Datis igitur ad Societatis Regalis ſecre- 
tarium literis, de calumnid queſtus D. Leibnitius, remedium a So- 
cietate petiit; idque eos aquum credidit judicaturos, ut D. Keillius 
eulbam ſuam publice fateretur. D. Keillio ea eft pars viſa potior, 
_ ad illa, que queſtus erat D. Leibnitius, liber is ſcriptis reſponue- 
: quibus in literis, que antea ediderat, & expoſuit plenins, & 
eg D. Leibnitius, nequaquam his ſatis fibi factum arbitra- 
tus, hteras alteras ad Societatem dedit: in quibus adbuc de D. Keillio 
queſtus, novum eum hominem appellat, parumque peritum re- 
rum anteactorum cognitorem; nec mandatum ab eo, cujus in- 
tereſſet, habentem; Societatiſque æquitati committit, annon co- 
ercendæ ſint vanæ & injuſtæ voci ferationes. 

Verſabatur in Anglid D. Leibnitius ineunte anno 1673, terums- 
que menſe Octobri 1676; & interjeclo illo temporis intervallo in 
Callid egit. Nuo omni temporis ſpatio, mutuis acceptis datiſque lin 
teris, commercium habuit cum D. Oldenburgo; &, Oldenburgi obe- 
rd, tandem cum D. Collinio itidem, & nonnunquam etiam cum D. 
Neriono. Quid autem ille ex Anglis tandem, vel tum cum Lon— 
dini efet, vel ex literis iftis mutuò datis, edidicerit, in eo fore ver- 
iiur bac omnis quæſlio. D. Oldenburgus & Collinius jam did obi- 
erunt, D. Newtonus autem tum Cantabrigiæ egit; parumgue an- 
piius novit, quam quod ex literis ipſius a D. Walliſio deinceps editts 
@pparet, D. Newtonus neque a D. Keillii partibus tejtis eſe Ppoleſt, 
nee D. Leibnitius iþ/e a (ais. alius autem in vivis teſtis eff nullus. 
Societas itaque regalls, 2 D. Leibnitio bis adver/ſus Keillium appel- 
WO of lala, 


rum et Fluen- 
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lata, ſeleforum ex Societate arbitrorum conſeſſum conflituit, gut 
literas, literamque tranſcriptarum libellos, aliaſque chartulas ; D. 
Oldenburgo penes Societatem relicdas, & ſiquid inter D. Collinii ſehe- 
das repertum huc faceret, per/crutarentur, ſententiamque ſuam ad 
Societatem referrent: julſi rque tandem ut ſententia illa, q ſeleForum 
arbitrorum conſeſſu relata, und cum ipfis literarum, alarumgue char 
tularum ex cerptis, emitteretur. 
De bae me.. Cum D. Newtonus Analyſin iſlam ſcripto traderet, que ſub initi- 


thodo, EX Me; Pg 


thodis Serie- unt DOY UM colleclaneorum impreſſa eft, babuit jam tum * methodum 


am compo. generalem aquationes finitas in infinitas reſolvendi, & æguatines 
fita, ſcripfh 

or Anitas rum infinitas applicamdi ad problem ara Jokvenda, ope 
Ne VL, VII, proportionum augmentorum momentancorum quaniuarum naſcenti- 
XXII, um, & augeſcentium. Augmenta hec- Appellat D. Newtonus parti- 


LVL — culas, & momenta; D. Leibnitivis ure tnfmiteſimales, indiviſ-. 
bites, & diſerentias. 2yantitates and Arvind Appollat D. Newtonus 
Fluentes ; H. Leibnitius autem Sunimas. Et velotitates augmenii 
appellat D. Nerotonus Fluxiones ; gaſque een _ and quan 

 titatum fluentium momenta. 
Que pars bujus methodi in eo fita et, ut equationes finite in 11 
_ mitas reſolvantur, eam cum D. Leibnitio, rogatu ſuo, communica- 
vit D. Newtonus, literis ad illum datis Junii 13, & Octobris 24, 
„ Reliquam hujus method! partem, pofiquam eoufque expli- 
$ Vid. cuerat, ut eam ſatis d obviam factam exiflimaret ; ne bi deinceps 
— Iperetur, priuſquam eam exponere orſumm foret, literis occullls ta 
celavit, quo modo alias Galileus atque Hugenius fecerant. Hujus 
poſterioris partis inventionem fibi vendicat D. Leibnitius : D. Reil 
liu autem eam D. Newtono ad/erit ; Keillioque ſufragatur ſententia 
ſele orum e Societate arbitrorum cotiſeſſiis. Alios tamen exteros, 
qui metbodum iftam d D. Leibnitio acceperint, aut aliter obtinuerint, 
nibil quidguam in his colleflaneis eft, quod ullo pacto afficiat. Ih, 
quid inter D. Leibnitiunm & D. Oldenburgum commercii eſſet, igno- 
rabant. Illis, quod methodum, quam utilem ee compererant, in 
rem ſuam adbibuerint, atque excoluerint; id vero laudi e gamum. 
Subjun de ſunt epiflolis annotationes quadam ; quo lefores, qui- 
bus minus eft otii, & epiſtolas inter ſe facilius conferre, & ſeme! 
perlectas intellig gere queant. | 
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Excerpta er epiſtold reverend; viri D. Iſaaci Barrow ad D. J. Collins, Can- Nel. 
tabrigize, 20 Junii 1669 datd ; cujus babetur Autographon. 


lo TE: 

— — 

— 123 8 

—— IE 

© EE EIT I 
> — 
82 


„ e quidam apud nos commorans, qui eximio in his rebus pollet 
ingenio, nudiuſtertius chartas quaſdam mihi tradidit, in quibus mag- 
nitudinum dimenſiones ſupputandi methodos, Mercatoris methodo pro hy- 
perbolà ſimiles, maximè vero generales, deſeripſit; ſimulque æquationes re- 
ſolvendi: quæ, ut opinor, tibi placebunt; quas unà cum proximis literis 
ad te mittam. 


Ex epiſtoli ejuſdem ad eundem, 31 Julii 1669 datd, pariterque ipfius Barrovii 
| manu ſcriptd, 


Mitto, quas pollicitus eram, amici chartas ; quæ, uti ſpero, haud parum te 
oblectabunt. Remittas, quæſo, quum eas quantum tibi viſum fuerit per- 
legeris: id enim poſtulavit amicus meus, cùm primùm eum rogavi, ut 
eas tecum communicare mihi liceret. Quautocyus igitur, obſecro, te eas 
recepiſſe fac me certiorern; quod illis metuo ; quippe qui eas per veredarium 


publicum ad te mittere non dubitaverim, quo tibi morem gererem quam 
citiſſumè. 885 
"ED Ex 


No II. 


No III. 


Ne IV. 


Ne V. 


Ne V. 


No VII. 


Ne IX. 
Noe X. 


Ne VIII. 


c O M M E AR C IU MN 


Ex epi ifold ejuſdem ad anden, 20 Aug. 1669 aue; | Cnus 
on ©  auttograpbon. 


Amici chartas tibi placuiſſe gaudeo ; eſt illi nomen Newtonus, collesi; 
noſtri ſocius, & juvenis; fecundus enim, ex quo artium magiſtri gradum 
cepit, jam agitur annus; & qui, eximio quo eſt acumine, permagnos in 
hac re progrefſus fecit. Was, f vis, cm nobili domino vicecomite Broun- 
kero communica. 


etiam e "mparet 


Exemplar diflarum chartarum, manu D. Collins exaratum, & in ſerinii = 


repertum, quod cum ipfius D. Newtoni autographo collatum ad verbum 
conſentire invenimus. Haas autem titulus eſt 


DE ANALYST PERK EQUATIONES' NUMERO TERMINORUM INFINITAS. 


on” E 7 HODUM generalem, quam de weten quantitale——ex uträ- 
yu parte lineæ Bp. | Vide Tom. I. p. 257. þ 


| Compoſitarum Curvarum Duadratura ex S implicibus. 
REG. II. Si valor igfius y, Er. dabitur tota pBD9.. [Vide Tom. l 


p. 258—263. ] 


Aliarum. Omnium Ryaadratura. 


Res. III. S/ valor jpfius y, Gc.—— . [Vide Tom. I. p. 263, a6 


Exempla Radicem extrabendo. 


Si Sit Has Tax = y, e e enen Vide * Tom. J. 
p- 264—268.] 
Exempla fer Refolutionem AEquatronum. 
 Numeralis AEquationum affeftarum Reſolutio. 
Wi tota difficultas 


 Literalis Fquationum affetlarum Reſvlutio. | 
His in numeris fic x fit minor. [Vide Tom. I. p. 270—272 ] 


Altus modus eaſdem Reſolvendi. 


Sin valor areæ tanto magis compoſita. [Vide Tom. I. p. 272. no 
Sed hunc modum——y = x3 + 2x3, &c. [Vide Tom. I. p. 273, 274. 
Et hec de areis in gui. | Vide Tom. I. p. 274—27 8. 


N. B. Quadratura Curvarum per n infinitas, quæ nonnunquam terminantur E 
finitæ evadunt. Eadem explicatur in Prop. v. Libri de Quadraturis. Et propoſitio illa pendet à 


quatuor prioribus. Ideoque methodus fluxionum & monientorum, quatenus habetur in pr _ 
tionibu 


quæ quærebatur. [Vide Tom. I. p. 268— 270. 


Appiicati 


> mas 


E. P IST O L IG U M. 


Applicatio prædictorum ad Curvas Mechanicas. 


nentur. Sed iſta narrandi non eſt locus. Reſpicienti duo pre reliquis de- 
monſtranda occurrunt. [Vide Tom. I. p. 278 —-280. ]]] 
1. Demonſiratio Quadraturæ Curvarum Simplicium in Reguld Primd. 


. Preparatio pro Reguld Prina demonſtrandd. 
+ Sit itaque Curve 


inveniri [Tom. I. p. 281 — 
„„ Fe 


— 


minimarum dimenſionum. [Tom. I. p. 


303 


Et hæc de Curvis geometricis fiat) * exactè & Geometricè determi- Ne xi. 


Tum x +o [Tom. I. p. 2801—9 poſſunt Ne xn. 


Excerpta ex epiflold D. Oldenburgh ad D. Renatum Franciſcum Sluſium No x11. 


Canonicum Leodienſem, anno 1669, 14 Septembris St. vet. datd: cujus 
apographum conſpicitur in libro Societatis Regie, quo conſervantur epiſtolæ, 


No. III. p. 174. 


Inſuper communicavit ille [ Barrovius] univerſalem methodum analyti- 


cam, ipſi tranſmiflam a D. Iſaaco Newtono, inſervientem menſurandis 
areis omnium ejuſmodi Curvarum, & earundem perimetrorum, in quibus 
ordinatæ eandem habet communem habitudinem ad baſin: hæcque metho- 
dus alia non eſt ab ill, quam particulariter applicuit D. Mercator ad inve- 
niendas areas hyperbole, univerſalis reddita. AuQtor fic incipit. | 


De Analyſi per Æaquationes numero terminorum infinitas. 


« Methodum generalem, quam de Curvarum quantitate, per anfinitam 
; | 


“ terminorum ſeriem menſuranda, olim excogitaveram, &c.“ 


- 


Et poſtquam ejus beneficio oſtendit complurium Curvarum quadraturam, 
accedit ad circulum ; & convertendo Vaa + bb, vel . dee, bb in ſeriem 
infinitam, oſtendit complures ejuſmodi ſeries applicari poſſe ad circulum: 
adeo ut datis horum quibuſlibet duobus; radio nempe, ſinu, arcu, & area 


ſegmenti, reliquorum quodvis inveniri poſſit infinite verum: res ni fallor 


ab omnibus auctoribus rægreſſis valdè expetita. Ejuſdem etiam adminiculo 
eximiè facilitavit inventionem radicis æquationis cujuſlibet, & mediarum 
Proportionalium ; & ſeriem largitur ad inveniendam lineæ Ellipticæ longi- 
tudinem. Similiter, ut oſtenderet methodum ſuam ad Curvas Mechanicas, 
earumque tangentes, ſe porrigere, quadrat Cycloidem ejuſque portiones; 
areamque curve Quadratricis, ejuſque perimetrum invenit * atque ad cal- 
cem ſic ait. „ TEEN 

tionibus quinque primis Libri de Quadraturis, Newtono innotuit anno 1669. 

+ Exemplum luculentum calculi per momenta fluentium. 


+ a "Ix 
+ Leibnitius ſcribit dx pro o vel ox1 ; dz pro ov, vel oy. 
$ Hic propoſitione ex æquatione fluentes involvente inveniuntur fluxiones. 
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N' XIV. 


Ne XV, 


Ne XVI. 


No XVII. 


OO MME Rei 
% Nee quicquam hujuſmodi ſcio, ad quod hæc methodus, idque var: 
4 modis, . ben extendat. Imo tangentes ad Curvas Mechanicas | 0 
quando id non alias fiat, hujus ope ducuntur. Et quiequid vulgaris 


4 Analyſis per æquationes ex finito terminorum numero conſtantes, quàndo 
« id fit poſhbile, perficit; hæc per Squationes infinitas ſemper perficiat. 


« Ethac de areis Curvarum inveſtigandis dicta ſufficiant. Imo chm pro- 


4 blemata de Curvarum longitudine, de June & ſuperficie Solidoru m, 
% deque centro Gravitatis, poſſunt eo tandem reduci, ut quæratur quantitas 


« ſuperficiei planæ, linea curva terminatæ ; non opus eſt quicquam de jis 
4 'adjungere.” | | 


Ex epiold D. Collins att D. Jacobum Gregorium, anno 1669, 4 5 Nov. 
datd. Que quidem epiſtola, manu dicti D. Collins deſeripta, conſer- 
. vata ef. ? | a 


Barrovius provineiam fuam publicè prælegendi remiſit cvidam, nomine 
Newtono, Cantabrigienſi; cujus, tanquam viri acutiſſimo ingenio præditi, in 
præfatione Prælectionum Apticarum, meminit: quique antequàm ederetur 
Mercatoris Logarithmotechnia, eandem methodum adinvenerat 3, eamque ad 
omnnes Curvas generaliter, & ad circulum diverſimode, apphcarat.. 


Ex piſola D. Jacobi Gregorii- d D. J. Collins, ad Fanum St. Andrew 


apud Scotos anno 1670, 20 Aprilis datd, prout in autegrapbo iþfius Gre- 
gorit /egitur.., 8 ee e 


Ser rem a te miſſam de cirogli ZONA intelligere nequeo, nempe 2RB.— 
„ B7 BY WA, 
e $ 
£70R 


* 


non eſſe ſuſpicor. 


Er epifiold quſdem Gregori ad eundem, anno x670, 5 Septerab. datd. 


Barrovii [geometricas} lectiones fumma cum voluptate & attentione per- 
legi; atque omnes, qui unquam hiſce de rebus ſcripſerunt, infinito intervallo 


ſuperifle comperio. Ex ejuſdem [ Barrovii] me tangentes ducendi, 


eum quibuſdam è propriis collatis, inveni methodum generalem & geome- 
tricam * ducendi tangentes ad omnes Curvas fine calcule ; & quæ com- 
lectitur non tantum Barrovu methodos particulares, ſed & ipſius genera- 
m methodum analyticam, quam habes ſub finem lectionis decimæ. Me- 


thodus mea haud pluribus quam duodecun. continerur propoſitionibus. 


Ex epiſtold ejuſdem ad eundem anna 1670, 23 Novemb. datd ; cufus etiam 

| conſervatur autographon. = 
Plurimæ approximationes pro circuli ſegmentis ex his facile elici pot- 
ſunt ; at vix oper# pretium erit, cum poteſtates alternas tollere nequeo, 


Hine innotuit methodum tangentium Gregorii & Sluſii ex methodo Barrovii conſequi 
| quo 


= 


B PI 5 F O L. CUM. 
quod factum eſt a D. Nec>/ono in ſui ſerie, modd ſeries fit : nam, ut · di- 
cam quod ſentio, ad nullam mearum reducere poſſum. Autumo tamen 
meam part facilitate & brevitate rem confecturam. n 7 


Ex autographs” D. Jacobi Gregorit ad eundem D. Collins, de Fang. S. An-N* XVI 
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A 0 . 


Hic itaque methodo Curve omnium figurarum, communi proprietate de- 
finitarum, rectificantur; earum tangentes & centra gravitatis inveniuntur z 
item rotunda earum Solida, & ſegmenta ſecunda cubantur; & in univerſis 
Curvis, longitudine curvilineà data, ordivatim applicatæ inveniuntur, & 


4 


vice verſa, 
Exempla quedam. _ 


Arcu 2 dato, invenire ſmum x, vel xo-finum y; poſita unitate pro radio. 


0 Vide Analyfin per q. Num. Term. inf. Cap. III. $ 6. 
( ) Vide Analyſin per Æq. Num. Term. inf. Cap. VI. 8 3. 
N. B. Miſcellanea edidit D. Micbael Dary, anno 160. 1 


OY r . OS 8 
* = - I Ts - ers + 7755552? () &e. 


— &.- 272 ＋ IF 2 728 2 + 78 — Terzzss (0 + &c. | 
Et dato ſinu x, invenire 2: 2 & Te Tx () + Ke. 
Quadratricem veterum quod attinet, nulla methodus, nullus. geometra 
TE, ejus aream exhibere valuit. Sit igitur Av, radius circuli 
inſcripti, unitas; & vk, arcus, x; exit area DVA = x — 
5% r ee Ke. ()) 
Tractatum hãc de re ſcripſit; in quo inventio longitu- 
dinis totius, vel datæ partis, curvæ Ellipticæ, & Quadra- 
tricis pv, nec non areæ ſupradictæ, eſt inter exempla. 


No xx. Ex epiflold D. Jacobi Gregorii ad D. Collins, 15 Feb. anno 167 datd, 
Fe bt ciujus habetur autograp bon. 

Ex quo epiſtolam ad te dedi, tres à te accepi, unam Decemb. 15, alteram 

Dec. 24, tertiam 21 Januarii nuper elapſi datam. oo 1 

Quod attinet Newtoni methodum univerſalem, aliqua ex parte, ut opi- 

nor, mihi innoteſcit; tam quoad Geometricas, quam Mechanicas curvas. 

Nihilo tamen minus, ob ſeries ad me miſſas, gratias. habeo; quas ut remu- 

Derem, mitto quæ ſequuntur. : - = I 

Sit radius =; arcus Sa; tangens = 7 x fecans. =. 


Et erit Ae th 2 + 2 — = 12. Ee (0 5 


* 33 . 
: 8 . 1225 . * 


o*.. .44* fs” |: 4998 
x = 3 | off 0 
RM Nair tTron Kel) 1 nes 

Sit nunc tangens artificialis = 7 ; & ſecans artificiahs = s ; & integer 
quadrans.= 9. 125 BY e | 
| 4 * 


la, F< a⸗ a® 
Erit TIS oo 45 285 
5 2 e e 61e!? 27%“ 1 
bit a en le a h., $5 4 55 1 
Sit nunc ſecans artificialis 45 gr. ; ſitque 34 ſecans artificialis ad 
E (*). &c. erit- 


libitum. Erit ejus arcus = 29 117 n 


17 _ NR 
+ 252077 * 283 fo >) &c. | 


— —ä—ä . ——— — ——E—äE— . — BE eos 
/ 


| . 55 . 
que 24 — HEN (J &c. 


Hic animadvertendum eſt, radium artificialem eſſe o; & ubi inveneris 9 
| majorem quam 24, five artificialem ſecantem 45 gr. majorem eſſe data ſe- 
N cante; mutanda eſſe ſigna, & pergendum ſecundum vulgaris Algebræ 
præcepta. | n oF 

(*) Vide Analyſin per Iq. Num. Term. inf. Cap. VII. Sect. 2, 

(*) Vide Analyſin per Aq. Num. Term. inf. Cap. VI. $ 2. 

(©) Vide Analyſin per ILq. Num. Term. inf, Cap. IX. $ 4. 


EI PI S T O L I G uU M. 309 


Sit ellipſis, cujus alter ſemiaxium Sr; alter = c. Ex quolibet curve 
ellipticæ puncto demittatur in ſemiaxem, v, recta perpendicularis = 4. Erit 


„ 0 AY 0 . . Pry | 4 1223 22425 — 425 
curva elliptica perpendiculari a adjacens = a + on 4" = „ 


a! . LfA. | bK Lg. — Ac. L.. + 241 — .d. g. 

"" JI WT Eo : a 

Si determinetur ellipſeos ſpecies, ſeries hæc ſimplicior evadet. Ut fi 

kbp 63 nn 56 4 Tra Ha 

c=2r, foret Curva Prædicta =@+ + == + 7-5. 

Reliquis verò manentibus, ſi Curva prædicta eſſet hyperbola, prædicta 
quoque ſeries ei inſerviret; ſi modò omnium terminorum partes affirmen- 
tur, & negentur totus terminus tertius, totus quintus, ſeptimus, &c. in 
locis imparibus. | B 5 Th 
Gratias ago maximas, tam ob benevolentiam, qua mones de meditatis 
meis publicandis, quam ob perhumanas tuas pollicitationes. Nollem tan- 
tam moleſtiam tibi creare; neque mihi in animo eſt quicquam edere, præ- 
terquam quadraturam meam Circuli recuſam, additis quibuſdam nugamen- 
tis. Quod attinet methodum meam inveniendi radices omnium æquatio- 
num; una ſeries unam tantùm prodit radicem, at pro qualibet radice infi- 
nitæ ſunt ſeries. Induſtria autem aliqua opus eſt, ad ſeriem ritè incipien- 
dam, & ad quam pertineat radicem dignoſcendam. Verùm hac de re fu- 
ſiuůsforſan aliquando ad te ſcribam. Non eſt quod metuas cuiquam, quic- 
quid miſerim, communicare; parum enim ſolicitus ſum, utrumne meo an 
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alieno nomine in publicum prodeat. 
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Ex epiſtold D. Collins ad D. Bertet Pariſiis um agentem. Data autem eff Ne xxl. 
21 Februarii, anno 170; ejuſque exemplar, manu ipſius D. Collins exara- 
tum, conſervatur. _ 5 FRY : 5 
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| Syſtema Algebre integrum componere, opus eſt eximium, & dignum cui 
ab omnibus faveatur ; precipue verò quia quatuor circiter abhinc annis in- 
venta fuit a D. Iſaaco Newtono methodus analytica generalis, pro quadra- 
tur omnium ſpatiorum curvilineorum, tam in Curvis Geometricis quam 
Mechanicis, communi aliqua proprietate gaudentibus. Hujus ope quicquid 
aquadraturis pendet peragitur ; ut rectificatio Curvarum; inventio tangenti- 
um & centrorum gravitatis ; rotundorumque Solidorum, & eorundem ſeg- 
mentorum ſecundorum, & curvarum ſuperficierum dimenſuratio: non au- 
tem ſuperficierum Solidorum quorum axes inclinantur ; uti parabolicorum 
conoidum, &c. hæc manet difficultas poſteris ſuperanda. Hæc omnia per- 
aguntur approximando verum in infinitum, abſque radicum extractione, 
ope infinitæ ſeriei rationalium, cujuſmodi multæ ad unam eandemque fi- 
guram diverſimodè applicari poſſunt: v. g. ad Circulum una, ad invenien- 
dam aream totius, vel partis cujuſvis; alia, ad inſcriptas; alia, ad ad{cri ptas ; 
ke. Ita ut dato ſinu, tangente vel ſecante, inveniri poteſt longitudo ar- 
cus, & vice verſa, ope diverſarum ſerierum ad eam rem appropriatarum. 
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(*) Vide Excerp, ex Epiſt. Not. k, 5 7. (e) Vide Excerp. ex Epiſt. Not. *, § 8. . 
() Vide Excerp. ex Epiſt. Not. *, § 14. (5) Vide Excerp. ex Epiſt. Not. , $ 22. 

) Vide Excerp, ex Epiſt. Not. “, {$ 23. () Vide Excerp. ex Epiſt, Not.“, $ 26. 
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Ne XXII. 


Ne XXII. 


OO M M E R C FU NM. 
Unde fit, ut jam calculo fucil hr inventu fit arcus © fin dato, & vice veers. 


quam è ſinu dato ſinus dupli arcüs. Univerbm autem hoe nihil aliud elt, 


2 


quam methodus à Mercatote uſu 3 in jus Logarithmotechnia, ad hyper- 
bolam quadrandam, -generalis reddita- B. Jacobus Gtegorius apud Scotos 
nuperrimè incidit in eandem methodumi. 2 SHot-efts tin) 


Er epifold D. N Collins i Lallam ad. D. Aphonſum Borellum miſt ; & 


menje Decembri amo 167 1 dard: riur babelur exemplar, manu ipfus D. 
Collins deſcriptum. 5 | | | Rüti | 
Kinckhuyſenh introdndtio ad Analyfim Spebieſam, guards Brel. font vo- 

cat, à D. Iſaado Newtono prœle parata 3t 3 dul jam Mathemnidtices Profeſ. 


ſor apud Cantabrigien ſes factus eſt. ee ee methodum gene- 


ralem Quadraturatom malytieam; «us ope bafculé eruit omnium curyi- 
linearum figurarum regularmain, commumi aliquã pfoprietate gaudetrtium, 


aream; earundem Curvarum rectificationern ;. myentionenm tentrorutn gra · 


5 | 


vitatis earum; itemque rotunda Solida, & fi . 
tas; & ſecunda iſtorum Solidorum ſegmerta: ime dato qudvis Jogar 


idque generaliter, fine ulld radicum extractione. 
Hua jus ſpecimen- pro circulo-appoſut.. 
N. B. In hujus Jol tvemiplars 

A 5 


Er epificld gjufitem D. Collins ad D. Franciſcum Vernon Anghm Parifis 
tum agentem, Londini, 26 Decembris, anno 1671 datd : cujus habetur 


D. Barrovius certiorem me facit, D. Newtonum pene adornifle Kinck- 


huyfenu ad Algebram introductionem; cujus hic brevi edendæ negotium- 


mihi curæ erit: eamque de propria ĩpſius penu auctiorem reddidiſſe. Huie 


ſubjiciet generalem * ſuam infinitarum ſerierum methodum analyticam; 
cujus ope computantur omnium ſpatiorum aurvilineurum areæ, tum Geo- 


metricorum, tum eorum quæ, ex mente Carteſii, Mechanica ſunt, modo fi- 


guræ una aliqua aut pluribus communibus proprietatibus definitæ ſint; 1p» 
jarumque Curvarum longitudines; centra gravitatis; rotunda Solida, & ſu- 
perficies eorum rotatione genitæ. Hinc etiam exuuntur multæ pro circulo 


ſeries; necnon quovis numero dato, tanquam logarithmico ſinu, tangente 


vel ſecante, calculo perfacili, fine ulli radicum extractione, fine ullis tabu- 


bs, inveniri poteſt arcus ei reſpondens, & vice verſd; idque vero quantum 
velis proxime, abſque naturali ſinu, tangente, aut ſecaute prius invento: 


tot tantiſque commodis fœta eſt hæe doctrina, de qua non null comperta lo- 
quor ! Una cum his mittet viginti lectiones cjus Qpticas, quas D. Barro- 


vius opus cenſet, quo majus præſens ætas vix protulit. Admonui matu- 


randam 


* Hic tractatus unus idemque eft ae ile, cuius mentionem fecerat D. New tonus in epiſtola 


OG. 24, 1676, dati, per D. Oldenbur um D. Leibnitio communicata; & in quo . 
rierum 


55 
9. * Ys [7 *, + 2 1 0 - ms 
co linu, tahgente vel ſecante in canone, invenire libet arcum Et 0 peten- 
tem, abſque nhaturali ſinu, tangente vel ſetante prius invents, & vice verſd; 


, locus vacuus ſeriei interſtrendie He relics 
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andarn ideo eſſe impreſſionem, quoniam D. Hugenius tractatum de Diop- | 

tric}, & de Curvarum Evolutione jam molitur. Ille autem contra, ſe magis- 

cupere, ut accepto harum rerum nuncio, Hugenius potius excitaretur quarry 
tardaretur; ratus minimè veriſimile utriuſque hypotheſes vel deductiones- 
r 
Ex. epiſtold- D. J. Collins ad D. Fhomam Strode, 26 Juli amo 16 7 N XX 
dad: cujus habetur exemplar manu ipfius D. Collins deſcriptum. 


Quod geometriam curvarum figurarum ſpectat; hanc tandem generali- 
ter ad calculum aualyticum reduci poſſe, omnino orbi literato novum at- 
e inauditum eſt. Hujus æquationes ſunt ſeries, terminis numero infini- 
tis conflatæ, quorum tamen pauei ſufficiunt communiter, ex notis curva- 
rum propriet tibus erutz. Auctorem quod attinet, hujuſque methodi præ - 
ſtantiam, hæc accipe. CCC . 
Menſe Scptembri 1668, Mercator Logarithmotechniam edidit ſuam, quæ 
ſpecimen hujus method, i e. ſerierum infinitarum,, in unica tantùm fi- 
purd, nempe qpadraturam hyperbolæ continet. 5 Haud multo poſt quàm 
m publicum prodietat liber, exemplar ejus Cl. Walliſio Oxoniam miſi; qui 
ſuum de eo judicium in Actis Philoſophicis ſtatim fecit: aliumque Barrovio 
Cantabrigiam ; qui quaſdam Newtoni chartas, qui jam Barrovium in ma- 
thematicis prælectionibus publicis excipit, extemplo remiſit: è quibus & 
ex aliis,. quæ olim ab auctore cum Barrovio communicata fuerant, patet. 
lam methodum a diftoNewtono aliquot annis antea excogitatam, & modo 
univerſali applicatam fuiſſe: ita ut ejus ope, in quavis figura curvilines pro- 
pofiti, quæ und vel pluribus proprietatibus definitur, quadratura vel area 
dictæ figure, + accurata, fi poſſibile fit, fin minus infinitè vero propinqua 
evolutio, vel longitudo lineæ curve ; centrum gravitatis figure; Solida, ejus 
rotatiohe genita, & eorum ſuperficies; fine ulla radicum extractione obti- 
neri queant.. s of; We: h Ts SL 171 
Poſtquam intellexerat D. Gregorius hanc methodum, a D. Mercatore in 
Logarithmotechnia uſurpatam, & Hyperbolæ quadrandæ adhibitam, quam- 
que adauxerat ipſe Gregorius, jam univerſalem redditam eſſe, omnibuſque 
hguris applicatam ; acri ſtudio eandem acquiſivit, multumqus in ei eno- 
dandi deſudavit. ö WN 5 
Uterque, D. Newtonus & Gregorius, in animo habet hane methodum ex- 
ornare. D. Gregorius autem, D. Newtonum primum ejus inventorem an- 


\ 


ticipare, haud integrum ducit. 


Ex epiftold ad D. Collins ad D. Newtonum 30 Julii anno 1672 daid, cujus yo xxv. 
habetur exemplar manu ipſius D. Collins deſcriptum. 
Parandis ſeriebus pro extrahendis radicibus in ſpectebus [Algebraicis], ad 
modum Vietæ [in numericis], credo D. Gregorium haud modicam -unpens 
tierum infinitarum & fluxionum fimul explicabantur, ut ivi loct memorat, | — 
} Teſtibus igitur Barrovio & Collinio, methodus prædicta quadrandi figuras, accurate 6. far po- ; 
teſt, Newton innotuit anno 1666 aut antea. 4 * 
Nd: Whew 2 ca chile 
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No XXVI. 


thodi hujus repertor, proprias de ea lucubrationes in ducem emiſeris; ſed 


Ex epifold D. Newtoni ad D. Collins, anno 1672, 10. Decembris daf 


& Gregorium] in eandem mecum incidiſſe ducendi tangentes methodum. 


narràſſe D. Barrovio, edendis lectionübus ſuis occupato, inſtructum me eſſe 


0 O MME ROGCI UN 
diſſe operam: nihil autem de ef re ſcribere ſuſcipiet, antequam tu, 


me. 


allis rebus per interim intentus eſt. - 


Repertum autem ęſt ipfius Newton autographum in ſeriniis D. Collins, un 
eum ejuſdem exemplari manu D. Collins dęſcripto. 5 


Ex animo gaudeo D. Barrovii, amici noſtri reverendi, lectiones Mathema. 
ticis exteris adeo placuiſſe; neque parum me juyat intelligere eos ¶ Sluſium 


Qualem eam eſſe conjiciam, ex hoc exemplo percipies. Pone cs applica- 
tam ad AB, in quovis angulo dato, terminari ad quamvis Curvam, Ac; & 
L cdicatur AB, æ; & Be,); habitudoque inter x & y exprimatur 
quälibet æquatione; puta & = 2xxy + bxx — bbx + byy - 
Deo, qui ipſa determinatur Curva. Regula ducendi 
= tangentem hc eſt : Multiplica zquationis terminos per 
D AB  quamlibet progreſſionem arithmeticam juxta dimenſiones 
9; put a — 2xxy + bxx — bbx +byy—y*: ut & juxta dimenſiones x; puta 
WR PE oo OE RR BO Rn” : ; 
* — 2xxy+bxx — bbx+byy =. Prius productum erit numerator, & poſ- 
13 2 CCC 3 e 
terius, diviſum per x, denominator fractionis, quæ exprimet longitudinem 
BD, ad cujus extremitatem, p, ducenda eſt tangens p. Eſt ergo longitudo 
— 2xxy + 2byy— 3y* | 8 1 
BD S zT. 3 
Hoc eſt unum particulare, vel corollarium potius, methodi generalis; 
quæ extendit ſe, citra moleſtum ullum calculum, non modo ad ducendum 
tangentes ad quaſvis Curvas, ſive Geometricas, ſive Mechanicas, vel quo- 
modocunque rectas lineas, aliaſve Curvas, reſpicientes; verùm etiam ad re- 
ſolvendum alia abſtruſiora problematum genera de curvitatibus, areis, lon- 
itudinibus, centris gravitatis Curvarum, &c. Neque, quemadmodum 
uddenu methodus de Maximis & Minimis, ad ſolas reſtringitur æqua- 


fiones illas, quæ quantitatibus ſurdis ſunt immunes. | 
Hanc methodum intertexui * alteri iſti, qui æquationum exegeſin inſti- 
tuo, reducendo eas ad ſeries infinitas. Memini me ex occaſiont aliquando | 


o 


hujuſmodi methodo tangentes ducendi : ſed neſcio quo diverticulo, ab ea 
ipſi deſcribenda fuerim avocatus. 3 Fed 
Sluſii methodum tangentes ducendi brevi publice prodituram confido : 


quamprimum advenerit exemplar ejus, ad me tranſmittere ne grave ducas. 


Sc. in tractatu, quem Newtonus feripſit anno 1651. Miſſum autem fuit apographum bvjus 
epiſtolz ad Tſchurnhauſium menſe Maio 1675, & ad Leibnitium menſe Junio 1676. 


Epijtola 


7 err 


Epiſtola D. Slufii ad Oldenburgh, anno 1675, 17 Januarii Leodii 

data, qud continetur methodus ejus ducendi tangentes, inter epþiſ- 
 tolas Regie Societatis afervatur Lib. N* VI. pag. 11. Legitur 
autem impreſa in Tranſaclionibus Philoſophicis, No XC. 


Ex epiſtold D. Oldenburgh ad D. Sluſium, 8 1672, 29 Januarii datd, Ne XXVII. 
gud prœædictis Sluſii literis reſpondetur. Legitur autem exemplar ejus in 


| hbris Regia Societatis, No FI. p. 27. | 


Statui, Deo dante, prima occaſione methodum ipſam, prout epiſtolà tua 
continetur, Tran ſactionibus Philoſophicis inſerere. Non ingratum interea 
fuerit, accipere quæ doctiſſimus noſter Newtonus, in Academia Cantabrigi- 
enſi Mathematum Profeſſor, de eodem argumento ad D. Collinium noſ- 
trum, qui te ſummopere & jugiter colit, nuper perſeripſit in hæc verba. 

Non parum me juvat intelligere, mathematicos exteros in eandem 
« mecum incidiſſe ducendi tangentes methodum. Qualem eam eſſe conji- 
« ciam, ex hoc exemplo percipies. Atque ita deinceps ut in pracedente 52 
« fius New toni epiſoli habetu . | ny 

Hactenus Newtonus, que 1deo nunc perſcribo, ut cum noviſſimis tuis 
comparare poſſis. 5 | 


Epifola D. Sluſii ad D. Oldenburgh, anno r673, 3 Maii Leodii data, gud No xxvill. 
continentur fundamenta methodi tangentium Sluſianæ, cujuſque affervatur 

exemplar in libris epiſtolarum Regiæ Societatis, N* VI. p. 1:1, impreſſa le- 
 g&itur in Phil, Tranſa#. N XCV, | 


Ex epiflold D. Oldenburgh ad D. Sluſium, anno 1673, 10 Julii dard. Le- Ne xx1x. 
gitur autem inter epiſtolas Regie Societatis, Lib. VI. p. 196. | 


En tibi, vir illuſtriſſime, impreſſum modum tuum demonſtrandi me- 
thodum tuam ducendi tangentes ad quaſlibet Curvas; quemadmodum poſ- 
tremis tuis literis eum mihi communicaveras. Subticui viri nomen offen- 
tionis evitandæ cauſd. Scripſit mihi D. Newtonus in hanc ſententiam. 

Ex priori tua epiſtolà fabdubitabam, exiſtimaretne celeberrimus Slu- 
+ ſius per ea, quæ ipſi de me ſcripſeras, me mihi tribuere methodum ip- 
„ ſius ducendi tangentes; donec intelligerem a D. Collinio, te ipſi ſigni- 
* ficifſe, eam, ex opinione tua, ſeriùs hic inventam fuiſſe. Tibi quippe 
videtur, eam D. Sluſio perſpectam fuiſſe, aliquot annis priuſquam ederet 
% Meſolabum ſuum, proindeque antequam. ego eam intelligerem. At ft 
res ſecus ſe haberet, cùm tamen eam primus communicaverit amicis ſuis 
& literato orbi, jure merito ipſi debetur. Quoad methodos illas, e- 
dem ſunt, quanquam, crediderim, ex principus diverſis derivatæ. Ness 
cio tamen num ipſius principia eam largiantur adeo generalem, ac mea 

7 | e bid 
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& quæ ad zquationes terminis ſurdis affectas ſe extendunt, abſque cru 
« ad aliam formam redudione.” Hg BETTS HG BP 13% 


_ Haciille, quæ in bonam partem à te aceeptum iri confido. | 


Excerpta ex epiſtold D. Gothofredi Guilielmi Leibnitji ad D. Oldenbu cg. 
Londini, anno 1673, 3 Feb. daid. Huafus autographon in feriniis Regie 
 Sccietatis extat, & exemplar ejus in libro epiſtelarum dictæ Societatis, No 
Lp. e e 


Cuùm heri apud illuſtriſſimum Boylium incidiſſem in elariſſimum pel- 
lum, Mathematicum inſignem, ac de numeris incidiſſet mentio; comme- 


moravi ego, ductus occaſione ſermonum, eſſe mihi methodum ex quodam 


chfferentiarum genere, quas voco generatrices, colligendi terminos ſeriei 


cujuſcunque continnè creſcentis, vel decreſcentis. Differentias autem ge- 


\neratrices voco, ſi datæ feriei inveniantur differentiæ, & differentig diffe- 
rentiarum, & ipſarum ex differentus differentiarum ditferentiæ, &e. & ſe- 
ries conſtit uatur ex termino primo & prima differenti, & prima differen- 


_ tid differentiarum, & primd differentia ex differentiis differentiarum, &c. 


ea ſeries erit differentiarum generatricium, ut ſi ſeries continue creſcens vel 


decreſcens fuit a, b, c, 4, poſits c differentiæ notk differentia genera - 
e 1 | 
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Aut in numeris; ſeries fit numerorum cubicorum deinceps ab unitate 


_creſcentium, differentiæ generatrices erunt numeri o, 1, 6, 6. Voco au- 


tem generatrices, quia ex 1is, certo modo multiplicatis, producuntur ter- 
mini ſeriei; cujus uſus tum maxime apparet, cùm differentiæ generatrices 
ſunt finite, termini autem ſeriei infiniii; ut in propoſito exemplo nume- 
rorum cubicorum. Ih 9 
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Hoc cum audiſſet clariſſimus Pellius ; reſpondit, id jam fuiſſe in hiteras fe. 


latum a D. Mouton Canonico Lugdunenſi, ex obſervatione nobiliſſimi vin 
Franciſci Regnaldis Lugdunenſi, dudum in literario orbe celebris, in libro 
laudati D. Mouton de diametris apparentibus Solis & Lune. Ego, qui es 
epiſtoli quidam a Regnaldo ad Monconiſium ſeriptä, & diario itinerum 
— — inſerta, nomen D. Moutoni & deſignata ejus duo didiceram; 
diametros luminarium apparentes, & conſilium de menſuris rerum ad pol- 
teros tranſmittendis; ignorabam tamen librum ipſuin progliifle. Quate 


apud D. Oldenburgium Societatis Regalis Secretarium, ſumtum Moe = 
multu 
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men dandam operam credidi, ne qua in animis relinqueretur ſuſpicio, quaſi, 
tacito inventoris nomine, alienis meditationibus honorem mihi quærere vo- 
luiſſem; & ſpero appariturum eſſe, non adeo egenum me meditationum 
propriarum, ut cogar alienas emendicare. Duobus autem argumentis inge- 


nuitatem meam vindicabo. Primò ſi ipſas ſchedas meas confuſas, in qui- 
bus non tantum inventio mea, ſed & inveniendi modus occaſioque apparet, 


monſtrem: deinde ſi quædam momenti maximi, Regnaldo Moutonoque in- 
dicta, addam, quæ ab heſterno veſpere confinxifle me non ſit veriſimile, quæ- 
que non poſſunt facile expectari a tranſcriptore. 


Ex ſchedis meis occaſio inventi hæc apparet. Quærebam modum inve- 


niendi differentias omnis generis poteſtatum; quemadmodum conſtat diffe- 
rentias quadratorum eſſe numeros impares: inveneramque regulam genera- 
lem ejuſmodi. 5 „ Tx as 
Data potentia gradiis, dati præcedente, invenire ſequentem (vel contra) 
diſtantiæ datæ, vel radicum datarum ; ſeu invenire potentiarum gradus dati, 
utcunque diſtantium, differentias. Multiplicetur potentia, gradus proximè 
præcedentis, radicis majoris per differentiam radicum; & differentia poten- 
tiarum, gradus proxime præcedentis, multiplicetur per radicem minorem. 
Productorum ſumma erit quæſita differentia potentiarum, quarum radices 
ſunt datæ. Eandem regulam ita inflexeram, ut ſufficeret, præter radices 
cujuflibet grads, etiamſi non proximè præcedentis, potentias datarum ra- 
dicum dari, ad differentias potentiarum alterius cujuſcunque, licet altioris, 
gradùs inveniendas. Et oſtendi quod in quadratis obſervatur, numeros 
impares eſſe eorum differentias, id non niſi regulæ propoſitæ ſubſumptio- 
nem eſſe. py | | | 5 
His meditationibus defixus, quemadmodum in quadratis differentiæ ſunt 
numeri impares, ita quoque quæſivi, quales eſſent differentiæ cuborum; 
quæ cùm irregulares viderentur, quæſivi differentias differentiarum, donec 
inveni differentias tertias eſſe numeros ſenarios. Hæc obſervatio mihi ali- 
am peperit. Videbam enim ex differentiis præcedentibus generari terminos 
dilfferentiaſque ſequentes; ac proinde, ex primis, quas ideo voco generatri- 
ces, ut hoc loco 0.1.6.6, ſequentes omnes. Hoc concluſo, reſtabat inve- 
nire, quo additionis, multiplicationiſve, aut horum complicationis genere, 
termini ſequentes ex differentiis generatricibus producerentur. Atque ita 
reſolvendo experiundoque deprehendi primum terminum, o, componi ex 
prima differentia generatrice, o, ſumptaſemel, ſeu, vice und; ſecundum, 1, ex 
prima o ſemel, & ſecunda 1 ſemel: tertium, 8, ex primi o ſemel, ſecunda 
1 bis, & tertia 6 ſemel: nam o Xx II x 2-+6x 128. Quartum, 27, ex 
prima o ſemel, ſecunda 1 ter, tertid 6 ter, quarta 6 ſemel : nam o x I+ 
lx3+6x 3＋6 * 1 227, &c. idque analyſis mihi univerſale eſſe compro- 


2 y . a 8 ; , 22489 RE 
bavit. Hæc fuit occaſio obſervationis meæ, longe alia a Moutoniana ; qui 


cum in tabulis condendis laboraret, in hoc calculandi compendium cum 
Negnaldo incidit. Nec vel illi vel Regnaldo adimenda laus, quod & Brig- 
gius in logarithmicis ſuis jam olim talia quædam, obſervante Pellio, ex 
parte adyertit, Mihi hoc ſupereſt; ut addam noniiulla illis indicta, ad amo- 


Vol. IV. Duu 17 liendum 


multuariè percurri, & inveni veriſſimè dixiſſe Pellium. Sed & mihi ta- 
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fs numerorum generantium cum numero termini generati; ut cum ter- 
minus eſt quartus (4) producitur ex prima differentià ſemel, ſecunda ter 
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Apparet, ex hujus tabulæ conſtructione, ſolam haberi rationem correſpon- 
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3, terti ter 3, quarti ſemel 1; ideo in eàdem (4) linef tranſverſi lo- 
cantur 1.3.3. 1. Sed vel non obſervavit, vel diſſimulavit, autor correſpon- 
ſum numerorum, fi a ſummo deorſum eundo per columnas diſponantur 


hoc modo, $ 
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Ita enim ſtatim vera genuinaque eorum natura ac generatio apparet ; 


eſſa ſcahieet eos numeros, quos combinatorios appellare ſoleo, de quibus 


multa dixi in diflertatiuncula de arte combinator i; quoſque alu appellant 


ordines numericos; alii in ſpecie primam columnam, unitatam; ſecundam, 
numerorum naturalium; tertiam, triangularium; quartam, pyramidalium ; 
quintam, triangulo triangularium &c. de quibus integer extat tractatus Pa- 


chal ſub titulo Trianguli Arithmetici; in quo tamen proprictatem nume- 


rorunrl 
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rorum ejuſmodi tam illuſtrem tamque naturalem * non obſervatatn ſum: 
miratus. Sed eſt profecto caſus quidam in inveniendo, qui ion ſemper 
maximis ingeniis maxima, ſed ſæpe etiam medioeribus nonnulla offert. 
Hine jam vera numerorum iſtorum natura, & tabulæ conſtructio, five à 
Regnaldo ſive a Moutonio diſſimulata, intelligitur: ſemper enim terminas 
datus colummæ datæ componitur ex termino præcedente columnæ tam 
præcedentis quam datæ: atque illud quoqu? apparet, non opus effe* m- 
Iſo calculo ad tabulam, a Moutonio propoſitam, continuandam, ut ipſe 
poſtulat 3 cum hæ numerorum ſeries paſſim jam tradantur caleulenturque. 9 

Cæterùm Moutonius obſervatione iſtà, ad interponendas medias propor- 
tionales inter duos extremos numeros datos; ego, ad invenicndos ipſos nu- 
meros extremos in infinitum, cum eorum differentiis, utendum cenſebam. 
Hine ille, non niſi cum differentiæ ultimæ e aut pene evaneſ- 
cunt, uſum regulæ invenit; ego detexi innumerabiles caſus, reguli quæ- 
dam inobſervata comprehendendos, ubi poſſum ex datis numeris finitis, 
certo modo multiplicatis, producere numeros plurimarum ſerierum in infi- 
nitum euntium, etſi differentiæ earum non evaneſcant. 

Ex iiſdem fundamentis poſſum efficere in progreſſionibus problemata 
plurima; aut in numeris ſingularibus, aut in rationibus vel fractionibus. 
Poſſum enim progreſſiones addere ſubtrahereque, imo multiplicare quoque 
& divadere, idque compendioſeCCeae . 
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Multa alia circa hos numeros obſervata ſunt à me, ex quibus illud emi- 
net; quod modum habeo ſummam inveniendi ſeriei fractionum in infinitum 
decretcentium ; quarum numerator unitas, nominatores vero numeri iſti 
tnangulares aut pyramidales, aut triangulo-triangulares, &c. 


Imo obſervata fuit. Vide Paſchalit Triangulum Arithmeticum, Parifizs anno 
1665 editum, pag. 2, ubi defiuitionum antepenultima hc eft, 


Le nombre de chaque celiule of egal a celuy de la cellule qui la precede, dans 
ſon rang perpendicularie, pus a celuy de la cellule qui la precede dans ſon rang 
parallele. Ainſi la cellule F, Ceft a dire le nombre de la cellule y, egale la cel- 


tute c plus la cellule E; & ainſi des autres. 
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ſcrinits etiam Regiæ Sociztatis aſſer vantur autographa quingue epiftolarun,. 
8D. Leibnitio ad D. Oldenburgum codem anno 1673 ſeriptarum ; prins 
autem Londini data eff, Februarii 203 relique vero Pariſiis, Marti 20. 
Aprilis 26, Maii 24, & Junii 8. Omniumque, ff ſecundum excipias, zu. 
e e, in libro Regia Societatis Ne V1. pag. 34, 101, 115 


ibnitius in Arithmeticd verſabatur: jam ad Geometriam ſę con- 


vertit; & anno proximo ad Oldenburgium ſcribit epiſtolas duas, Pariſiis 
Jul. 15, & Octob. 36 datas, que leguntur in libro epiſtolarum Regie Socie- 
ratis N V pag. 93 & 110, eademque e 1mpreſe, in ſomo ier. 
io Operum e en D. J. Wallis, & zz ſoriniis Reg, Societatis of. 
 ſervantur earum autographa. | = TC re e e 


| 2 Ex harum priore 15 Julii datd. 3 
Diu eſt, quod nullas à me habuiſti literas, &c. Alia mihi theoremata 
ſunt, momenti non paulo majoris. Ex quibus illud imprimis mirabile eſt, 
cujus ope area circuli, vel ſectoris ejus dati, exactè exprimi poteſt per ſe- 
riem quandam numerorum rationalium continuè ꝑroductam in infinitum. 
Sed & methodos quaſdam analyticas habeo, generales admodum & latè fu- 
ſas, quas majoris facio quàm theoremata particularia & exquiſita. 
Ex poſteriore 26 Octob. dat. 
Porro, in ef geometriz parte rem memorabilem mihi eveniſſe nuncio. Scis 
D. Vicecomitem Brounkerum, & Cl. Nic. Mercatorem . exhibuifſe infini- 
tam ſeriem numerorum rationalium, ſpatio Hy perbolæ æqualem. Sed hoc 
in Circulo efficere, hactenus potuit“ nemo. Etſi enim illi Brounkerus & 
Walliſius dederint numeros rationales magis magiſque appropinquantes; 
nemo tamen dedit ¶ imo uterque dedit ; ſed forte non «jus ſenſu, | progreſfo- 
nem numerorum rationalium, cujus, in infinitum continuatæ, ſumma ſit ex- 
actè xqualis circulo. Sed vero. mihi tandem feliciter ſucceſſit. Invent 
enim ſeriem numerorum valdè ſimplicem, eujus ſumma exactè æquatur cir- 
cumſerentiæ circuli; poſito diametrum eſſe unitatem. Et habet ea ſeries 
id quoque peculiare; quod miras quaſdam circuli & hyperbolæ exhibet har- 
monias. Itaque tetragoniſmi circularis problema, jam a Geometria tra- 
dutum eſt ad Arithmeticam Inſinitorum: quod hactenus fruſtra quæte- 
batur. . Reſtat ergo tantùm, ut doctrina de, ſerierum, ſeu progreſſionum 
numericarum, ſummis perficiatur. Quicunque hactenus quadraturam cir- 
culi exactam quæſivere, ne viam quidem aperuere, per quam eo pervenire 
pole ſpes fit : ,a2d nunc primim d me factum dicere quſim. Ratio diametri 
ad circumferentiam exactè à me exhiberi poteſt per rationem, non quidem 
numeri ad numerum, id enim foret abſolutè inveniſſe; ſed per rationem 
- = numer 
»Collinius jam ante quadriennium ſeries Newtonianas, ante triennium Gregorianas, cum 
Hamicis communicare cœpit. Leibnitius in Anglia diverſabatur anno ſuperiore (1673), & huhu 
modi feries nondum communicaverat ; nee prius cum almnicis in Anglia communicate cœpit, 3 


«4 


numeri ad totam quandam ſeriem numerorum rationalium valde fimplicem 


tur, Feometrics exhiberi, per ejuſmodi ſeriem, valor poteſt; nullo ad'inte- 
pre circumferentiæ dimenſionem recurſu. Ut en. non 155 a 
gationem ad circumferentiam noſſe. 1 


Ercerpra er 22 D. Oldendiry a D. Lelbnittum, anno 1 7 9 De- No XXIV. 

cembris dard, 7 er vatur autographum, Eadem autem legitur inter 
bpiliolas Regiæ Societatis, lib. No VII. pag. 119; ggẽꝭỹ r ad li. 

teras D. Leibnitii, 26 Octobris præcedentis datas. TIL 


Quod de profectu i in curvilinearum dimenſione memoras, bene ſe habet: 
* Ignorare, te nolim Curvarum dimetiendarum rationem & methodum a a 
laudato Gregorio, nec non ab Iſaaco Newtono, ad Curvis quaſliber, rum me- 

chanicas, tum geometricas, quin & circulum ipſum, ſe extendere: ita ſei- 
cet ut ſi in aliqui Curvi ordinatam dederis, iſtius methodi beneficio poſſis 
lineæ curve longitudinem, aream figuræ, ejuſdeni centrum gravitatis, So- 
lidum rotundum, ejuſque ſuperficiem, five erectam ſive inclinatam, S6lidique 
rotundi fegmenta Leeudr, horamque' omnium converſa invenire: quin & 
dato quolibet arcu in quaꝗrante, logarithmieum ſinum, tilngetitern vel ſe- 
cantem, non” cognito naturali, & converſum computare.' Quod vero ais 
neminem hactenus dediſſe progreſſionem numerorum rationalium, cujus, 
in infinitum continvate, ſumma fit æqualis circulo; 1d vero tibi tandem fe. 
liciter ſvcceſſiſſe, de eo quidem tibi gratulor, &c. : 


Jdatd, Extat autographum ſeriptoris ; & repernur deſcripta inter efiſtalas 
Reg. Foc.” Ne VI. pag. 213. Hae autem reſpondetur ad "rand Ol- 
deuburgi literas, 8 Decembris precedents | dalar. | 


Dt 


 Seribis, clariffimum 8 erm haber an eAkibendi 
quadraturas omnes, omniumque curvatum ſuperficierum, & Solidorum, ex 
revolutione genitorum, dimenſiones, & centrorum gravitatis inventiones; 
Per © appropinquationes ſcilicet, ita enim interpretor. Quæ methodus, ſi eſt 
univerfalis & commoda, meretur æſtimari; nec dubito fore ingeniofifimo 
authore we” AO? tale you os ab innotuiſſe. ie 134} 4 1 


; 


Ex epiftold D: Oldenburg ad D. Talkie anno 167. 5, 15 Apnls tabs N xxxvl. 
U habetur exemplar inter epiſtolas Reg. Socretatis Ne VII. pag. 216. 

 Hde reſpoudetur ad D. Leibnitii literas, 30 Martii pr æcellintis datas: An- 

| lice autem extdt, manu D. Collins deafignata ac 10 Aprilis data,” camgue 

; Latine trauftulit D. Oldenburg 8 4d D. Leibnitium m if it, 990 


D. Colinias, permit inder que fquuntur remittit. Primo Cl. Gre- 


ab "PI acceperat, ut mox patebit; neque alias communicavit, quam quas acceperat. 


+ Methodum exhibendi | are um cvjus ſinus datur, Leibnitius ab O poſtea duæſivit, 
Hutt 17 167 ay g | 


gorium, 


E P IS T0 L. S UM. STA, 


&-regularem... Eadem ꝓ methodo etiam arolis cyjuſlibet;; cujus ſinus da- 


Es iel D. Leibniti ad D. Oldenburg, Parifiis is anno 1675, 30 Martii xXx XV. 
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prey ade produei pebelly; ut a: nnn eig, ne ul; 
nia jam extabat; quæ, quam primum viderat lucem, ad D: Rar ion à me 


a ſucceflore ſuo Newtono; ommbuſque Curvis, earumque portiohibus, | geo- 
metricis 2que ac mechanicis YR: eee Ne e rei 1 


c © M M HR CU N 
rium, in poſtrem4- ſul ad illuſtrem Hugeum reſpotifione; ſeriein ſoppe⸗ 
Gade ad ſemicircumferentiam eireuli inveniendam, que talis. 


Pone radium = +; dimidium latus quadrati inſeripti circulo = 77 & 
Anti inter radium & latus- -quadrati . ſemicitcumferentia qua- 


24— BY 20g * 


3 904 7564 72 0 Teer ng toy rhe 91 1 91 95. 


quantitas alſignabilis. 171615 7 
Editum hoc fuit a D. Gregorio, poſtquam E D Merestofts bog Sarftllindteth⸗ 


foit tranſmiſſa; qui, obſervato in ed infinitæ ſerlei wh ad logatithmoscond 
ſtruendos, reſoribebat, methodum illam jam aliquandiv excgitatam kuiffe 


quædam ſubjecit, via, 
Poſità pro radio vaitates. datoque * pro nu, nd znbentetuit: 2 arcum 
ſeries hæc eſt : x =F+7 LI +7358" + 735%" + 7} 134 r* &c. in infinitum. | Et 


extrad radice hujus #quationis, methodo e fi dederis Z 570 arcu, 
ad inveniendum ; * en ſeries here 9 7 | 


— 69 5 9 


"ov 


31 ö 1017 
| B 1 . 5 4 Fs EA | a: 
= LOR as Tow © 6 r=" ns 14585 7 Ke, At- | 
* queeadem ſeries, mutatis ſignis termini ſecundi, quarti 
& ſexti, &c. inſervit ee are z0n Xquila- 
teris hypetbole. . SU 
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| Rurfor, dato radio n, & ſinu verſo five ſagitta a, ea y inveniendam are-- 
am ſegmenti, reſecti à chord: Ane Hf Pro: 2R4, &. erit ſegmentum, 


4 40 8 * \ 7 th f 
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HE * | Dy 
Et arcus integer = 264-7 1 12555 or kee. OY 
Du he ſeries D. Gregorio habentur; guas, exhjbuit ex eo tempore, quo 
uſus eſt hac methodo; quod ab ipſo aliquot. poſt annis factum: poſtquam 


ſeilicet intellexerat D. Newtonum generatim eam applicaſſe. Enxinde quo- 
que ad nos milit {ries ſimiles ad 6 tangfuren naturalgs er earundem arcubus, 


* ds ſeriem Dl Collins, initio anni 2671 A Gregorio MLT ut Caved ; P. Leibait 

eandem cum amicis in Galli hoc anno ut ſuam communicavit, celata hac epiſtol; Qo 

+ {His verbis patet ſeries, quas D. Leibbitius fe ante annoßz aljquot_ inveni © rote 4% "Its 

communicatis diverſus fuiſſe Subjungit etiam ipſe vetbif dilertis s ſua, a  communicatis lenge Me 

936— tng rem ee, . Epil Mali 12) 1676. nn 
. 74 V | 

* N & 
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&. converſim, obtinendum., Ex. gr. pone radium r; arcum, 42; tangen- | 
: 2 7 aa 1947. bad? © 
tem, t: erit, * 4 55 * TTY 25555 + Ke. Et converſim, ex tan 
| 7 SY 9! ri i. i 
gente invenire arcum ju * U — 7 A9 — Kc. 


Atque hoc factum cum vides, Raells eraiderts;” pls Enden method 
xque facile ex arcu inveniri ſinum vel tangentem logarithmicum, abſque in- 
ventione naturalis, & converſim. Pronum quoque tibi fuerit ' credere, me- 
thodum hanc applicari poſſe ad rectificationem quarumlibet Curvarum; par- 
ticulatim vero ad lineam quadratricem, & ad inveniendam ateam illias 1. 
guræ: id quod antehac, nullà demum cum methodo, fuit præſtitum. At- 
que 406 calculationis labore extendi poteſt ad inveniendas areas ſuperfi⸗ 
cierum in rotundis Solids: inclinautibus; nec non ad inveniendas Soliditates 
ſecundorum ſegmentorum i in Solidis rotundis E. G. Si Conoides aliqua 
ſecetur à plano tranſeunte per baſin ejus, poterit id vocari ſegmentum pri- 
mum; & ſi hæc portio iterum ſecetur à Plano, recto ad planum prius ſe- 
cans, portio, eum in. Modu. ſecta, hoc ipſo intenditur, ut * ſezmentem 
{ſecundum}. , 1 | 

Porro methodus a applicatur inveniendis drum porarum poteſ- 
tatum, valde affectarum æquationum; ; ita ut ex quolibet numero, * 2 
log rs: ope, gxcitare A me quiber p at 555 
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nee nos illum 10 10 f. Tann Jois 6 imprimis cum ie lubens 
permittat Newtono, ut ille primus nove hujus methodi de infinita ſerie in- 
ventionem abi 3 — E & c. 


1 


: Er epi epiflls D. Leibniti ad D. Oldenburgh, anno 167, 5, 20 Mali, pariſis No XXXV1I. 
dad. Exiat autrgraphen ejus, eademqjue legitur in libro 6p olarum Regie 


Societalis, Ne VII. pag 235. Reſponſum autem eft ad poem D. Ol 
denburgi /iteras 15 A prilis datas, 


„Litera tuas. 3 fruge algebraicd e accepi ; 35 pro „quibus TY & 
dockiſſimo Collinio, gratias ago. Cum nunc præter ordinarias curas mecha- 
nicis imprimis negotiis diſtrahar, non potui exannnare ſeries, quas miſiſtis, . 
ac cum meis eomparare. Ubi fecero, 1 perſcribam tibi ſententiam me- 
am: nam aliquot jam anni ſunt, quod i inveni meas, vid guidam fi fic ſatis ſin- 
gulart. Collinium ipſum magni facio; quoniam omnes | pure matheſcos 


: N. B. Hoc nunquam fecit D. Leiboitivs ; ed ubi feries duas prima 48 per Ace quendam 

on accepilier, poftulavic methodum D. New toni, perventendl ad iſtas dvas ſeries; ad le mitti; 

quali nullas nrivs b Oldenbutgo accepiſſet. Et tor pico, ( pulolam Oidenburtzi oblivion t raden - 
„ lecatian obtinvit ierterum ab co acceptor uuimam vb vindic-ndi. 


2 | paites 


a 


520 


No 
XXXVIII. 


Ne XXXIX. Excerpta ex ſchediaſmatis manu D. Collins exaratis, 


nis; qui in regularum una datur poteſtas pura radicis quæſitæ. 


COM ME AN E 18 N 
partes ab ipſo egregiè cultas video. Multa habeo deſtinata, A quibus me de. 


terrent calculi tantum ; qui nec ſuſcipi facile ab homine occupato, nec al. 
teri, niſi doctiſſimo ac ſinceriſſimo, tutò credi poſſunt. | 


Ex Aclis Eruditorum anno 1691 menſe Aprili, pag. 178, habentur hac D. 


Leibnitii verba. 


Jam anno 1675 compoſitum habebam * opuſculum Quadraturæ Arithmetice, 


ab amicis ab illo tempore lectum; ſed quod, materif ſub manibus creſtente, lj. 
mare ad editionem non vacavit, paſtquam aliæ occupationes ſupervenere ; præ- 


ſertim cum nunc prolixius exponere vulgari more, quæ Analyſis noſtra nova bau- 


cis exhibet, non ſatis operæ pretium videatur. Interim igſignes quidam Marbe- 
malici, quibus verilas primariæ noſtræ propoſitionis dudum in attis publicate 
innotuit, pro humanitate ſud, noftri qualiſcunque inventi candidè meminere. 


& | in ſerinis jus reper« 

tis, & nonnullis in locis Oldenburgi calamo caſtigatis ; qua quidem D. Ol- 
denburg D. Tſchurnhauſio ?ranſmittenda acceperat, 8 Latine verterat, 

 Extant autem tum autographa D. Collins, tum reſponſum ad eadem D. Ol- 
denburgo redditum, cum titulo manu ejus inſcripto, Reſponſum ad Scrip- 
tum PD. Collinii de Carteſii Inventis, Accep. d. 8 Junii 1765.” 


Nonnulli Carteſium arrogantiæ infimulirunt, aſſerentem ſe ex omnibus 


modis methodiſve poſſibilibus, in optimam ſimpliciſſimamque incidifle. n 
ullibi hoc affirmaverit Carteſius plane neſcio: certum tamen, eſt methodum 


ducendi tangentes multum promotam fuiſſe a Newtono & Gregorio. Ita 
liquet ex Newtoni epiſto'a anno 1672, 10 Decemb. data. Vide N' XXVI. 
N. B. In hoc ſchediaſmate habetur apographum epiſtole hujus, ut & apogra- 
pbum epiſtolæ Gregoru ad Collins 5 Sept. 1670, ſupra impreſſa. 


Ex epiſtold D Oldenburg ad D. Leibnitium, anno 1675, 24 Juni datd, & 


in libro epiſtolarum Regie Societatis, N* VII. pag. 24.3 deſcripid. Reſpon- | 


ſum autem eſi ad pracedentes D. Leibnitii /iteras, 20 Maii datas. 


Dominus Newtonus, beneficio logarithmorum graduatorum in ſcalis, 


p locandis ad diſtantias æquales, vel circulorum concentricorum 


co modo graduatorum adminiculo, invenit radices æquationum. Tres re- 


gulz rem conficiunt pro cubicis, quatuor pro biquadraticis. In harum diſ- 


poſitione reſpectivæ coefficientes omnes jacent in eddem linea rea ; a cujus 
puncto, tam remoto a primi regula ac ſcalæ graduatz ſunt ab invicem, linea 
recta _us ſuperextenditur, una cum preſcriptis conformibus genio æquatio- 


* Quadratura Arithmetica, de qui hie agitur, ea eſt, quam Gregorius cum P. Collinio, _ 
anni 1671, Oldenburgus cum D. Leibnitio, hoc anno, communicavit. De hac quadraturà D. — 
nitius opuſculum vulgari more compoſuit, & cum amicis hoc anno communicare cepit: 3 


. . . . v 1 1 1 ne 
Proximo ſcriptum polivit, ut cum Oldeaburgo communicaretur: anno tertio in patriam * 


Er 


* m & * 
2 1 S bunt. 7 


Ex Fer D. Leibnitii ad D. Oldenburg, Pariſiis anno 1 675, 12 Julii 4d. Ne XL1. 


jus extat autographum 3 habeturque exemplar ejus in libro epiſtolarum 
Regie Societatis, N* VII. pag. 149. Reſponſum autem eft ad literas præ- 
cedentes D. Oldenburgi, & mpreſſa legitur inter Opera D. Wallifii, In 


7. VS Sb, 4 1 / 1 =. ; 0 a 6 a 
ha perperam ſer or ur Parius pr i OA 1 | 
Methodum celeberrimi Newtoni, radices æquationum inveniendi per in- 


ſtrumentum, credo differre a med. Neque enim video in met, quid aut 


logarithmi aut circuli concentrici conferant. Quoniam tamen rem vobis 


non ingratam video, conabor abſolvere, ac tibi communicate, quamprimum 


otii ſat erit. 


Scripſiſti aliquoties, veſtrates omnium Curvarum dimenſiones per appro- 
are. Velim noſſe, an poſſint dare geometricè dimenſionem 


pinquationem an pol; 
Curvæ ellipſeos vel hyperbolæ, ex data circuli, aut hyperbolæ, quadratura. 


Ex efiſtold D. Oldenburgi ad D. Leibnitium, anno 167 5, 30 Septemb. Ne x11. 


dad. Cujus extat exemplar manu D. Oldenburg drſeripium. Legitur eti- 
am in libro Regie Soctetatis N* VII. pag. 159, & reſponſum eft ad præce- 
an EE 3 23 
Scriptum quoddam Belgicum Belga quidam, Georgius Mohr vocatus, Al- 
gebræ & Mechanicz probe peritus, apud Collinium noſtrum reliquit; qui 
apographum ejus, quale hic inſertum vides, impertire tibi voluit.— 
Tſchurnhauſius nuper Pariſios hinc profectus eſt ; & te {ine dubio jam ſalu- 
tavit. Scire cupis, an dare noſtrates geometricè poſſint dimenſionem Curvæ 


ellipſeos aut hyperbolæ, ex dat circuli, aut hyperbolæ, quadratura.. Ait Col- 


linius, illos id præſtare non poſſe geometrici præciſione; ſed dare eos poſſe 
ejuſmodi approximationes, quæ quicunque quantitate data minus a ſcopo 


aberrabunt. Et ſpeciatim, quod attinet alicujus arcùs circuli rectificationem, 


impertire tibi poterit laudatus Tſchurnhauſius methodum, a Gregorio noſtro 
inventam, quam, cùm apud nos eſſet, Collinius ipſi communicavit. 


Ex eþiftold D. Leibnitii ad D. Oldenburg, Parifiis 28 Decembris anno 1675 vo xILIII. 


daid., Extat autographum ejus, deſeribiturque in libro . Regie Societatis, 


N' VII. pag. 189, & 4 D. Walliſio impreſſa eft. 


Duarum tibi literarum debitor, rogo ne ſequius interpreteris ſilentium 
meum; ſoleo enim interrumpi nonnunquam, & hæc ſtudia per intervalla 
tractare. Quòd Tſchurnhauſium ad nos miſiſti, feciſti pro amico: mul- 
tum enim ejus conſuetudine delector; & ingenium agnoſco in juvene præ- 
elarum & magna promittens. Inventa mihi oſtendit non pauca, Analytica 
& Geometrica, ſaue perelegantia. Unde facilè judico, quid ab eo expec- 
tar! poſſit. | N mw 


gotiis publieis intereſſe eœpit; &, materi ſub manibus creſcente, opus ad editionem limare non 
ampliùs vacavit, Sed neque operæ pretium duxit, ſubinde. prolixius exponere, vulgari more, que 
analyſis ſua nova paucis 2xhibet. Inventa eſt igitur hæe analyſis, poſtquam D. Leibnitius opuſcu- 
lum, vulgari more compoſitum, polire & limare deſiit, & negotiis publicis iutereſſe cœpit. 


Not., IV. XXX Habebis 


521 
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Ne XLIV. 


Ne XL. 


co MME RAR GI U M 


Habebis & à me inſtrumentum æquationes omnes geometricas conſfru- 
endi unicum: et meam quadraturam circuli, ejuſque partium, per ſeriem 
numerorum rationalium infinitam; de qua aliquoties ſcripſi, & quam jam 


pluſquam biennio abhine geometris hic communicavi. 


Ex epiſtold D. Leibnitii ad D. Oldenburg, Pariſſis, 12 Mali, anno 1676 


datd; cujus autographum in ſermiis Regie Soctetatis afſervatur, cum noti; 


manu Oldenburgi in tergo feriptis. 


Cùm Gregorius Mohr Danus [ ſuperi2s Belga], in Geometri & Analyſi 
verſatiſſimus, nobis attulerit communicatam ſibi a doctiſſimo Collinio veſ- 
tro expreſſionem relationis inter areum & ſinum, per infinitas ſeries ſe- 


quentes: poſito ſinu x, arcu 2, radio 1. 


$=X+3X3 TK + 535X" Tir TC. 


111 115 2 3 
3 1 3 s I 3 1 7 IH 3 9 
X=3=>73B +5552 es F Ns Kc. 


Hæc * IN AM, cum nobis attulerit ille, que mihi valde ingenioſa vi- 
dentur; & poſterior imprimis ſeries elegantiam quandam ſingularem habe- 
at; ideo rem gratam mihi feceris, vir clariſſime, ſi demonſtrationem tranſ- 
miſeris. Habebis viciſſim mea ab his longè diverſa, circa hanc rem medita- 
ta; de quibus jam aliquotab hinc annis ad te perſcripſiſſe credo; demonſtra- 
tione tamen non addita, quam + nunc polio: Oro ut Cl. Collinio multam 
a me ſalutem dicas: is facile tibi materiam ſuppeditabit ſatisfaciendi deſi- 
derio meo: 5 | 


Ex epifitols D. Collins ad D. Oldenburgum, D. Leibnitio zum Pariſſis 
agenti tranſmittendd. Hufus exemplar, anno 676, 14 Junii, manu ip-- 
Aus D. Collins deſcriptum, ac in ſeriniis ejus repertum, etiamuum con ſerva- 
tum eſt. 


Reſpondeas, ſi placet, ad ea que quærit D. Leibnitius, in literis ejus 12 


5 . 5 " > I | 
Maii datis, ſeriei prime numeros coefficientes, 5·75 Tiger hoc modo 


compoſitos eſſe, = i; XTX XLN; & 


2X3 U 6 4X5 1 855 40 40 6 * 7 „ 112 
ZL g& 35 » 9X2. — 93 


1 ita dei in infinitum. Unde 
5K 1152 1162 10x11 2876 atque ita deinceps in u 


intelligi poſſit, hanc ſeriem elegantia minime cedere converfæ ejuſdem; que 
tamen illi magis arridet. Meditata ejus de eodem argumento, cùm funda- 
mentis plane diverſis innitantur, non poſſuut nobis non eſſe acceptiſſima; 


atque exoptamus ea fidem noſtram exuperare poſſe. Hujus autem metho- 


di ea eſt præſtantia, ut cùm tam latè pateat, ad nullam hæreat difficulta- 
tem. Gregorium autem alioſque in ed fuiſſe opinione arbitror, ut quic- 


quid uſpiam antea de hic re innotuit, quaſi dubia diluculi lux fuit, fi cum 
meridiana claritate conferatur, 


* Quaſi ante annum eaſdem non acce; iſſet ab Oldenburg). 


Hoc 
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Hoe anno, cam D. Gregorius, anno ſuperiore ad finem vergente, emortuut Ne xLvl. 
eſſet, que cum amicis communicaverat in unum corpus, ſolicitante D. Leibnitio, 
collecla ſunt, Et extat collectio, manu D. J. Collins exarata, cum hoc titulo; 


Ercerpta ex D. Gregori ep1folts cum D. Leibnitio communicanda; tibique poft= 
quam perlegerit ille, reddenda, Et fic orditur. 


D. H. Oldenburg Armigero. 


Quandoquidem impenſeè rogiſti me, permotus ſolicitationibus D. Leib- 
nitii & aliorum ex Academia Regia Pariſina, ut hiſtoriolam aliquam con- 
cinnarem, ſtudia & inventa doctiſſimi D. Jacobi Gregori, nuper defuncti, 
exhibentem; quoniamque arcta inter nos amicitia, crebraque dum viveret 
literarum reciprocatio fuit; in honorem nominis ejus, quæcunque majoris 

momenti in literis ejus occurrunt, ſummaà fide in unum colligere ſta- 
tuo, &c. | | | 


In hae collectione habetur epiſtola ſuperiùs impreſſa Gregorii ad Collins 5 
Sept. 1670. Habetur & epiſtola ſaperiàs impreſſa, qud Gregorius guadratu- 
ram prædictam arithmeticam, initio anni 1671, cum D. Collins communicavit, 
Habetur & epiſtola D. Newtoni ad D. Collins, 10 Decemb. 1672 data, & 
ſuperins impreſſu; in qu Newtonus ſe methodum generalem habere dicit du- 
cendi tangentes, quadrandi curvilineas, & fimilia peragendi; & methodum ex- 
emplo ducendi tangentes exponit: quam methodum D. Leibnitius differentialem 
boſtea vocavit. Hac collectio ad D. Leibnitium ma fuit 26 Juni 1676. 8 


Ex epiftold D. Collins ad D. Davidem Gregorium, prædicti Jacobi Gregorii Ne xl VIl. 
nuper difundti fratrem. Data autem ejt anno 1676, 11 Auguſti, eu/que 
babetur exemplar manu ipſiu. D. Collins deſcriptum, 
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Hiſtoriolam compoſui, qua in unum congeſſi, quæcunque unquam a fra- 
tre tuo, de rebus mathematicis, vel literis, aliaſve ſcripto vel colloquio, ac- 
ceperim : eo fine, ut eandem ſcriniis Regiæ Societatis (cujus erat ſodalis) 
commiſſam & aſſervatam, amici ejus inſpicere poſſint; vel ſi libuerit, ſoluto 
pretio, tranſcriptam habere. Conſtat autem duodecim circiter ſchedis. Me 
verò nihil omiſiſſe, quod alicujus momenti eſſe poterit, ſi nonnulla cum Hu- 

genio aliiſve controverſa excipias, aras ſacras juraturus contingere auſim. 
Mathematicis Gallis quouſque profecerat, quæque reliquerat frater tuus, 
ſeire aventibus, me operam dediſſe ut 1s fatisfacerem, ex ſequentibus com- 
peries. Sub finem autem erempluris hujus epiſtole hac ſubjunxerat D. Collins. 

Eruditi ex Academia Regia Pariſienſi, auditi D. Gregorii morte, cupide 
ſeiſcitabantur ea, quæ moriens reliquerat; ſimulque narrationem eorum, quæ 
attinent doctrinam ſerierum infinitarum, apud nos repertain petebant : ſe· 
quentem ideo ad eos tranſmittendam curavi, ac deinde ad Davidem Grego- 
num, fratrem Jacobi ſuperſtitem. | | 


f Opuſculum prædictum de Quadratura Arithmetica D. Leibnitius polire perrexit. 
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524 C. OM MER O IU M 
FEY Quod attinet doctrinam ſerierum infinitarum, Mercator, in Logarithmo- 
| | techni ſu, primum ſpecimen ejus orbi exhibuit; applicando eam ad hyper- 
. bolæ quadraturam tantùm, & ad logarithmorum oonſtructionem, abſque 

| | radicum extractione. Hanc ipſam ejus doctrinam à D. Walliſio, in Tranf.. 
3 Philoſoph. illuſtratam habemus; eamque poſtea adauxit & promovit D. 
Gregorius im Exercitationibus ejus Geometricis, eodem anno editis. 
Paucos poſt menſes quàm editi ſunt hi libri, miſſi ſunt ad D. Barrovium 
Cantabrigiæ. Ille autem reſponſum dedit, hanc infinitarum ſerierum doc- 
krinam jam ante biennium a D. Iſaaco Newtono inventam fuiſſe; & qui- 
| buſvis figuris generaliter applicatam : ſimulque tranſmiſit D. Newtoni opus 
| manufcriptum, 'a D. Collins deinde cum D. Vicecomite Brounker, Regiæ 

Societatis tum Præſide, communicatum. Barrovio autem cathedram mathe- 
maticam abdicante, Newtonus, ab eodem commendatus, in ſucceſſorem ejus 

electus eſt; & de hic doctrinà publice prælegit: lectioneſque ejus in biblio- 


| thera publica Cantabrigienſi aſſervantur. 1 
j Collins deinde, mediante D. Barrovio D. Newtono familiaris factus, li- 
| | terarum commercium cum eo habuit; & ab eo epiſtolam obtinuit 10 De- 
cembris, anno 1672 datam, qui docet modum ducendi tangentes ad Curvas 
2B geometricas, ope æquationis, qua relatio inter ordinatim applicatas & ab- 
1 iciffas-exprimitur. Vide epiſtolam hanc, N' XXVI. | 
Collins etiam in diverſis literis, anno 1669 ad D. Gregorium datis, ei- 
dem ſignificavit Newtoni in hic materia ſucceſſus. Gregorius autem con- 
tra, ſe quoque plures habere pro circulo ſeries; ſimulque petiit nonnullas e 
Newtonianis, quas cum propriis con ferre voluit, ad ſe mitti. Miſit igi— 
tur aliquas D. Collins; quas Gregorius à ſuis prorſus diverſas, & faciliores 
calculoque aptiores invemiens, haud levi ſtudio in eandem ipſam Newtont 
methodum incidit, circa annum exeuntem 1670: ſicut ipſe apertè in epiſ- 
tola 19 Decemb. teſtatur. N* XVIII. . LEY 

Cum D. Leibnitius methodum perveniendi ad ſeries, anno ſuperiori ſibi miſſus 
deſideraret, & ut Gregoriana omnia Lutetiam Pariſiorum mitterentur : Ol- 
denburgus & Collins, Newtonum enixe rogdrunt, ut ipſe metbodum ſuam de- 
ſcriberet cum D. Leibnitio communicandam. e 


N xXLvIII. Epiſtola prior D. Iſaaci Newtoni, Matheſeos Profęſſoris in celeberrind 
Academid Cantabrigienſi, ad D. Henricum Oldenburg, Re- 
galis Societatis Londini Secretarium, 13 Junii 1676; cum #- 
Iuftriſimo viro D. Godfredo Gulielmo Leibnitio (eo mediante) 
communicanda. Literis Oldenburgi (26 Junii) ad Leibnitium 
miſa. 
Vrwrow QUAMQUAam D. Leibnitii modeſtia, in excerptis quæ ex epiſtola ejus ad 
4b OLDEN- me nuper miſiſti, noſtratibus multum tribuat circa ſpeculationem quandam 


Infinitarum Serierum, de qui jam cœpit efle rumor ; nullus dubito tamen 


quin ille, non tantùm, quod afferit, methodum reducendi quantitates ant 
cunqu 


eunque in ejuſmodi ſeries, ſed & varia compendia, forte noſtris ſimilia, fi »vz6vu 
133 . | Rox. 


non & meliora, adinvenerit. Ui 

Quoniam tamen ea ſcire pervelit, quæ ab Anglis hac in re inventa ſunt; 
& ipſe ante annos aliquot in hanc ſpeculationem inciderim : ut votis ejus 
aliqui faltem ex parte ſatisfacerem, nonnulla eorum, quæ mihi occurrerunt, 
ad te tranſmiſ i. 18 th | 5 I en 

Fractiones in infinitas ſeries reducuntur per diviſionem; & quantitates 
radicales, per extractionem radicum; perinde inſtituendo operationes iftas 
in ſpeciebus, ac inſtitui ſolent in decimalibus numeris. Hæc ſunt funda- 
menta harum reductionum. . e 

Sed extractiones radicum multum abbreviantur per hoc“ Theorema, 


m m 
— 5 5 1 2 m 3u 
PTC Ad BQ + 5 = Do + &c. 
Ubi y+yq_fignificat quantitatem, cujus radix, vel etiam dimenſio quæ- 
vis, vel radix dimenſions, inveſtiganda eſt ; y, primum terminum quan- 


3 


51 — 1 
24 


5 8 * * . 7 - 4 0 3 Ws | 8 77 3 
titatis ejus; Q reliquos terminos diviſos per primum. Et , numera- 
NA 


jem indicem dimenſionis ipſius p+yq :. five dimenſio illa integra fit; ſive, 
ut ita loquar, frada; five affirmativa, five negativa. Nam, ſicut ana- 
lyſtæ, pro aa, ada, &c. ſcribere ſolent a, 4“, &c. fic ego, pro Ja, ga, 


c. a, &c. ſeribo a alas; & pro , — 


a aa 


gab 


c: at ＋ b x as +bbs 


aa 2 __ 7 
pro 7====, ſeribo aa x & + be; & pro -; 


— Fa -. Sb. . | 
re in regula: erit ; Q= :; M=—2;.n=3- Denique, pro 


terminis inter operandum inventis in quoto, uſurpo A, B, c, D, &c. Nempe 


m 


« . — 71 | . : 
A, pro primo termino P; B, pro ſecundo —AQ; & ſic deinceps. Czterum. 


uſus regulæ patebit exemplis. | 
T JT "oe into ea? 
Exemplum 1. Eft Vcc & (feu cc r = . 


c 0 


ed XX 


CE 


_ ” CES. 3 55 8 e 5 
er eee. B (=-- Ahr =. C ( = 300 = „ 


tic deinceps. „„ I Ga : | 
Exemplum.2. Eſt v5: +cxmx : (id eſt, c Tc = = + 


4 
Cx=a) _ 2Oxx+4fa® — 2x? 


7 + &c. Ut patebit ſubſtituendo in allatam regu- 
* CC | | | 
6 g $4 ad | . „ i 
lam, 1 pro m, 5 pro n, c' pro v, & — — pro q. Poteſt etiam - x* ſubs 
C f 8 
5 : 4 5 x — — | 
ſtitui pro p, & e pro Q_ Et tunc evadet V5 ü +IX=XYP TE —-+ 


» f 6 : . 22 5 
Reſolutionem binomii in huj 


1 juſmodi feriem anno 1669 Newtono innotuiſſe patet, ex analyſt 
vpra imprefſi, Vid. ſupra, Ne XII. 8 e 


- 


* 
. 
_ 
2 . 4 7 =. as 2 2 22 
N 2 _—_— Fe a p I cy PIT 0 
— — F hos S ay ——— — 5 2 — yr ere 
— —— — ae = BP . —— —ů 1 — 1 — ern ay 
3 P * 1 3 — _- - * — — - age oo 
— r p _ — 
n , 
— ; — — — — PO 4s 21m 


— — — 
— — — 
4 
Sy » — 


— 
— is 


1 © 22 — —2 £ 9 =p "IEP 
„, ſeribo a „2 43. Et ſie 
aas : 
ſeribo 


aab x a* + Sr. In quo ultimo caſu, fi 4 ＋̃ e concipiatur eſſe 
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„ &c. Nam, in hoe caſy, eſt p cc; Q=—=; MI; n=2; A. 
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rte 2c 2 xx + 4e + 2 


7 ——— &c. Prior modus eligendus eft, fix valds par- 
yum ſit ; poſterior, i Nn magnum. 


Exem. 3. Eſt = — (hoc eſt, N 495 — 9 wet XL 


2 


55 * 7 , hoc eſt — "Ss B; (== 4a = 1 * 1 == &c, 
Exem. 4. Radix cubica ex quadrato- quadrat ipſius d e, hoc eſt 


464 zee FER e 
det, eſt ds e Namp d. 42 7 W. 2 f. 
4 * pa) = = 44, &c. 

Exem. 5. Eodem modo franplices efiarn poteſtates eliciuntur. Ut, fl 
quadrato-cubus ipſius te, (hoceſt, Ae, ſeu d+c t) deſideretur. Erit 


juxta regulam, .Þ = d. a = - mD S. & =I. Adeoque 4 (= 25 


3 K AQ) Sadie. & ſic c = 10d'ee. D = lodde. E = gde. 


nt — 9 


23 So. Hoc eſt, a =d" + 5d*e + 10d'ee+ 


r . &6(=— 
rodde + gde + &. 
Exem. 6. Quinetiam . ſive ſimplex ſit, ſive repetita, per eandem 


regulam perficitur. Ut * „hoc oft, d ＋ el „ſive 4 +] k, in ſeriem 


ſimplicium terminorum refolvendum ſit: erit, joxta * 1224 


=. M=—1. 1. & a (rs ==" i) =d", ſeu - = # (== =& Q= 


*J e e e 33 
. Et fic. c= > D=— % &c, Hoc eſt, -—= 
1 55 
„ . 
Exem. 7. Sic & a , hoc eſt unitas ter diviſa per de, vel {c- 
| . 6 10 . 
mel per cubum ejus, ade; _— - 2 ＋ 17 Th Kc. 


Exem. 8. Et NX d 417, l — N 3 per radicem cubicam 


e I 73 
oY Ms. & c. 
434 347 I; 814 f 


Exem. 9. Et xX dA, hoc eſt n diviſum per dane quadrat 


N 
5 + gale zue 2 


1 - 7 + &c. | 7 
545 , He 126d 3 

Per eandem regulam, geneſes poteſtatum, 8 per poteſtates a aut 
per quantitates radicales, & extractiones radicum altiorum in numeris, 
etiam commodè inſtituuntur. 


ipſius d +0, evadit N X — 


eubicam ex cubo wphus d +e, ſive - 


Ice 3 


57 44 &c. Nam y . O == 2. m=-1, AN = 3. A = 


Extractioncs 
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Extractiones radicum æquationum affectarum in ſpeciebus imitantur ca- zvrcovn 
rum extractionem in numeris. Sed methodus Vietæ & Oughtredi noſtri “. 
huic negotio minus idonea eſt,  Quapropter aliam excogitare adactus ſum, 
cujus ſpecimina, ne repetantur, vide in Tractatu de Anaiyft, Pag &c. &c: . 
Dicam tantùm in genere, quod radix cujuſvis æquationis ſemel ex tracta, 
pro regula reſolvendi confimiles æquationes aflervari poſſit; ne ex 


8 


pluribus ejuſmodi regulis, regulam generaliorem plerumque efformare li- 
ceat; & quod radices omnes, five ſimplices ſint, five affectæ, modis inſini- 
tis extrahi poſſint; de quorum ſimplicioribus itaque ſemper. conſulen- 
dum eſt. I 

Quomodo ex æquationibus, fic ad infinitas-feries reductis, areæ & longi- Ne ZLIX.- 
tudines Curvarum, contenta & Superficies ſolidorum, vel quorumque ſeg- 
mentorum figurarum quarumvis, eorumlibet centra gravitatis determinen- 
tur; & quomodo etiam Curve omnes Mechanice ad ejuſmodr æquationes 
infinitarum ſerierum reduci poſſint; indeque problemata circa illas reſolvi, 
perinde ac fi Geometricæ eſſent; nimis longum foret deſcribere. Sufficiat 
ſpecimina quædam talium problematum recenſuiſſe: inque 11s, brevitatis 
gratia, literas A, B, c, Db, &c. pro terminis ſeriei, ficut ſub initio, nonnun- 
quam uſurpabo. 1 8 | | 

1. Si ex dato ſinu recto, vel finu verſo, arcus deſideretur: fit radius 7, 


5 2 | #40 gx) 
& ſinus rectus x. Eritque arcus S +—+ -—,+ &c. Hoc eſt;. 


Err gor* 1127 


RR. _ Tins ad 

eee ee TD &. Vel fit 4 diameter, ac 

ö | ., | N 1 7 — zr . gr A 1 

x ſinus verſus; & erit arcus = , + -  +*— & c. Hoc eſt, 
5 „ 8 64¹ 40d 1124 | 

—— 1 ä e Ye gx? 

mans Vas m1? 6% * por job 1124 ＋&c. 


2. Si viciſſim ex dato arcu deſideretur ſinus: fit: radius r, & arcus 2. 


5 WE pr” 7 | | 
fl —2— — ; Le. *. CIT, — as 
Eritque finus rectus , — e Fg Ke Hoc eſt, 2 
225 2 R : 22x 24 20 
1 5 B — c — &c. Et ſinus verſus: -= 
Xpr 4X rr 6X ;rr | 20 24 930. 


2 


— 


2 | 2 2 8 a 
403 207 * &c. Hoc eſt, e Nr 77 * 67 B — Br {pak &c. 


3. Si arcus capiendus fit in ratione data ad alium arcum : eſto diameter 
=4; chorda arciis dati = x;. & arcus quæſitus ad arcum illum datum ut 


\ 7 ad . 9 A 0 : , 3 i : I — 72 9 NA N 
Eritque arcus quæſiti chorda = nx + = A * Irn + 
22. 490 — 1 81 — an | 
— . Re \ — — Pr 
ÞX 74d 1 8 Naa” F 10X rr ＋&c. 


Ubi nota, quod cam eſt numerus impar, ſeries deſinet eſſe infinita; & 
evadet eadem, que 2 per vulgarem Algebram, ad multiplicandum da- 
tum angulum per iſtum numerum . | 
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columns. Atque iſta . X — 


termini. RN 2 
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4. Si in axe alterutro, AB, ellipſeos ABD, Ciijug 
centrum C, & axis alter D, detur punctum ali. 
quod, E; Circa quod recta, EG, occurrens ellipſſ 

in 6, motu angulari feratur; & ex dati ate 
ſectoris elliptici BEG, quzratur recta Gy, 


que a 
puncto 6 ad axem normaliter demittitur : eſto 
S Dc =; = tf; ac duplum arex 
BEG = 2 þ 
a „ ne 190005 BE OS - brp.. GY 280g + 50499 — 230 4 ; 
E efit OF = — ET ogortr® * Ke. Sic 


itaque aſtronomicum illud Kepleri problema reſolv1 poteſt., 


5. Incadem 28 ſi ſtatuatur op , 56 5 Go De, & ox. erit it Tce ellip- 
5 
= * 
ticus DG = * ＋ K * 4 i Orc 3% '+ ora? * Te Dir +2508 + Ne. 
4 | . 1 - 145 a S 1 i . I 
"= g0e* fre? fs dor 22e 
i. 3 ; "8-4 es ops ez ;s „ 
. 2 4 41 is | f Xn ＋ rer 8875 | 
„„ 
ie $000” 
| | . 
rec 8 


Hic numerales gosiResentes ſupremorum terminorum. 1 185 T- &c.) gn 


in muſica progreſſione: et numerales coefficientes omnium inferiorum, in 


vnaquàque columna, prodeunt multiplicando continuò qumeralers goeffici- 


entem ſupremi termini per terminos hujus Progreſſionis, Ze — 5 245 


4 'G p 
i= : bo &c. Ubi 1 nifent numerum dimenſionum ph c, in deno- 


1 
minatore iſtius ſupremi termini, - "a #, Ut terminorum infra - — nume- 


rales coefficientes inveniantur; ; err #=6, ducoque -* . e e co- 


Tn 
efficientem ipfius in — , hoc eſt 1 in 1; & prodit r, numeralis 


I — 3 


1. 
— 


cocfficiens termini proxime inferioris. Dein res hunc * in „ſive in 


= hoe eſt, in 4 & prodit 7 3 . coefficiens tertii <a in iſta 


po 
—.— facit 1 numeralem coefficientem quarti 


ne 7 
8 


Idem in aliis, ad infinitum uſque, columnis præſtari poteſt: adeoque valor 
ipſius vo, per hanc regulam, pro lubitu Produci. 


Adhæc, ſi By dicatur x, ſitque r latus rectum pee & e = 3 ; 
Arcus ellipticus BG.= | 


£4 | FOE 


gen 3 nu meralem coefficientem 3 termini. 


ente 
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S T 0 L. x © 9 N. 2 1 
$2 9 6 
— VRGUN 1 
| 70 * | es : . 
3 + JOE — A A — a0 FI QA [1 +l 
** 'S 2 | - 2 | . | N | x _ 1 
; EY £3 6 
* , p of F R 1 
s totius ellipſeos deſideretur: biſcea CB ii r, & quere ll 
heorema; & arcum BG, per poſterius. i 
dato arcu elliptico, Do, quæratur ſmus ejus cy; tum ih 
dico eo , oo = Se, & arcu illo p = 2; erit Wh 
I I 0 
2 — — S &c. WW. 
-107C 4 52. 1e 4 5 N if j 
= 71 i 
n toe 1 
— £93 1 
8 $040: | 5 al 
Cham: autem de ellipſi dicta ſunt, omnia facilè accommodantur ad hyper- 0 


bolam; mutatis tantum . irſorum & e, ubi ſunt 1 imparium dimens 
ſonum. | N 

Plxtetea, 6 fit co hyperbola, cujus 
finda EB, EF, rectum angulum, BEF, conſti- 
_.tuant; & ad £8 erigantur utcunque perpendi- 
cula,ac, BD, occurrentia hyperbolz in c & D: & 
EA dicatur a; Ac, 6; 8 CADB,Z; erit AB=Z 


71 25 > at & w* 
7 at ont ont - hl 22 * &c. Ubi : co- 


efficientium denominatores prodeunt, multipli- 
Waile of $5 ' cando terminos hujus arithmetic progreſlionis 

152, 3; 45 5, Ge. in Goo continuo. Et hinc ex logarithmo dato poteſt nu» 
merus ei a a ee inveniri. | * 
5 dee t 1:5 9 Rite vpn E quadratrix, cujus vertex eſt v; 
| ee exiſtente 4A centro, & Ax ſemidiametro circuli 


N. ad quem aptatur, & angulo vA recto: 2 
ren 1 ad AF perpendiculo quovis, DB, & acta 
eren Auadratricis tangente, DT, occurrente axi ejus, 
Bins — Ine AV, in 2 dic Av = a, & AB = ; n 
| itt HH Fa "an . 1 | 
3 1 x Se ET ae Et VT == 
1 . D 1 * 45 945 1 
A 44. & Et AVDB = - ax — = 
bs me * a r * — — — — 
| . 3, AF, 5 7 * * 55 Ka N. 


* 4 4 3 1 
2550 cr & c. Et arcus vo ges ren EE Ge Unde 
Viciflim, ex dato BD, vel v T, aut area AVDB, arcuve vp, per reſolutionem 

affectarum æquationum, erui poteſt x, ſeu a. 
9. Eſto denique AE ſphzeroides, rev 'olutione ellipſeos, AEB, circa axem AB 
genita, & ſecta planis quatuor; AB, per axem tranſeunte; vo, parallelo AB; 


Vor. IV. FED y CE, 


> * : 5 Y Cs . + 1 * yy U 1 * ” L 7 A 1 * ” 4 eg 
e by 2 ten : e a 15 
* * 2 4 ; * 4. 8 = 


: 
42 
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PX $7 $0 1905 1 feds 49 254 So + af 1 ena! by 3. E 4 5 "= TY: 115 20 | 
1 CDE, perpendiculariter biſecante axem; & 5, parallele ch: ſitque recda 
roku CB==4, CE c, or x, & FG = y: et ſphæroideos ſegmentum cpr, 
dictis quatuor planis comprehenſum, erit 5 Wa 
| 1 2 r 4 «ap P 1 3 cx 5 4 2. 0 
ex? x3 | x? 5x? 4 : | 
8 3aa " 18a 0 4 330c*as xc. 
„ Ce Oh 
9 goca! cc Ke. 
* 5 
— 2 | —&c. 
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5765 &. 75 3 1 

= Q&T. „„ { "3 = . * | 
Ubi numerales coefficientes ſupremorum terminorum (2, +5, - 


=, 5, &c.) in infinitum producuntur, multiplicando primum co- 
eee | IXI IX; 3X5 

2X3" 4X5" 6X77 
« S2 7 * 9 


90% lc &. Et numerales coefficientes termymorum, in uniquigue 

columnã deſcendentium in infinitum, producuntur multiplicando continuò 

coefficientem ſupremi termini, in prima columna, per eandem progreto- 
og 33 IXI 3X3 C N . if 


ornate and TITEL VM 
3 XT $X3 7X5 9X7 7 


3 | 5 | 1 . | - . E ” 


efficientem, 2, continu per terminos hujus progreſſionis; — 


nem; in ſecunda autem, per terminos huj 


- 


5 | 5 * 7&3 5 : 4 2 EL as 2 „ 8 = ,T Xi 9X; | 
nos hujus, N &c.; in quinta, per termmos hujus, 5 5 
11 * WWW $i 1 2 „ 

re F , &c. Et fic in infinitum. * 1 = 


— 
Et eodem modo ſegmenta aliorum Solidorum deſignari, & valdres co- 
"rum e e commode, per ſeries quaſdam numerales, in infinitum pro- 
duci poſſunt. | e Pe e HA D147 $4 
Ex his videre eſt, quantum-fines Analyſeos per hujuſmodi infinitas æqua- 
tiones ampliantur: quippe que, earum beneficio, ad 2 pene dixerim 
problemata, ſi numeralia Diophanti & ſimilia excipias, Fl e extendit. 
Non tamen omuino univerſalis evadit, nifi per viteriores quaſdam me- 
thodos eliciendi ſeries infinitas. Sunt enim quædam problemata, in qui- 
bus non liceat ad ſeries infinitas per divwiſionem vel ek tractionem radicum, 
ſimplicium affectarumve, pervenire. Sed quomodo in iſtis eaſibus proceden- 
dum ſit, jam non vacat dicere; ut neque alia guzdam tradere, quæ circa 
reductionem infinitarum ſerierum in finitas, ubi rei natura tulerit, exco- 
gitavi. Nam parciùs ſcribo, quod he ſpeculationes diu mihi faſtidio eſſe 
cœperunt; adeo ut ab iiſdem jam ꝓer quinque fere annos abſtinuerim. 
Unum tamen addam: quod poſtquam problema aliquod ad infinitam 
æquationem deducitur, poſlint inde variæ approximationes, in uſum Me- 
chanicæ, nullo ferè negotio formari; quæ, per alias methodos quæſitæ, 
multo labore temporiſque diſpendio 3 „„ 
Cujus rei exemplo eſſe poſſunt tractatus Hugenii aliorumque de quad 
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turd circuli. Nam, ut ex dad 1 chordi, A, & Saad arcis chord, B, a, 
arcum illum proximè aſſequaris * finge arcum illum eſſe 2, & circuli ral alen. 
dium 73 Juxtaque ſuperiora erit A Jane duplum fins dimidii 2 ) = 8 


ke 
e 1207 — &C. Et B= 12 — b 5; 16X 16X 47+ Wk — &c. Duc 
jam B in numerum fictitium , & a produtto auſer Az & reſidui ſecundum 
x K 
terminum (nempe = 0% N I ab), eo ut e pone 83 inde- 


que emerge #=8: & erit 8B — ae c. hoe eſt, LETS 
25 5 errore anittian exiſtents <5 7 = Kc. in exceſſy s . Quod eſt theo- 
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rema Hugeẽnianum. 
| Inſuper, ſi in arctis, 36, ſagitta Ab, indefi- 
| nite productà, quæratur punctum 6, & quo 
ace rectæ, GB, G0, abſcindant tan gentem, 8 Ee, 
quaàm proxime æqualem arcui iſt : eſto cir- 
j culi centrum c, diameter Ax = d. & ſagitta 
Abr. Et erit DB ( V = = 4 
N. | i 
| — SD — &c. Et ar an =dinl + , 
2 42 45 IO th, & Et AER: AD: : AE: 48. Quare A0 24. 1 
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valore ipſius AE ſupra habito, & reſtabit error — vel &c. Quare in 
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4 ſi fiat JAK : 3A Dl: 2; Ker KG = ch, erit er: 
ror t ahi multo manor. d 

Atque ita, ſi circult ſegmentum ali uod, Bab, per Mechanicam deſignan- 
dum eflet: primo reducerem aream 1 am, in infinitam ſeriem; puta hang; 


9122 8 2 | 1 | 
50 A == + d 171 wa = — gh — want — &c. Dein quærerem conſtructiones me- 
144% 3 | 
Gies apibus ane ſeriem proximè aſſequerer; ; cujuſmodi ſunt ha: Age 


rectam AB, & ent ſegmentum BGA S ABCBD X f AD proximè: exiſtente 
ſcilicet errore tantum — de- &c. in defectu * vel proximius, e er it ſeg- 


mentum tag” (itte ap in r, & acta reQta By) = E445 - X'4AD 3 ex- 
n vide Tom. I. p. 323, not. . Nane a : 
rr e yyy 2 n iſtento 


5322 


Ne LI. 
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et 6 x oY E R AHA, of. MN 


19 ; 
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iſten de died , 2 + . IF 1 qui feniper minar m i 6H as 


! 5p fotius ſegmenti, etiamſi bezmentütn lad ad uf u {que fe ſerhieirthin au- 
geatur. 9-929 þ 


Sir && in eil Ta 120 ſvid. fig. precedent; cujus verten A, axis alteruter 


AK - 21AP 
AK, & latus rectum Arg cape 2G = = AP + += TAK N. In hyper- 


bola vero, cape PG = }, AP +l D x AD; Et acta recta 688 abſeindet 


tangentem AB, quam proxims æqualem arcui elliptico vel hyperbolic 4B; 


> dammodo arcus 1lle non fit nimis magnus. 
| Et pro area. 1 0 Wr nA; in y 


| | n="; & x 
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tf | 
Ar arlenpto; eritq | ; [3 8 
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Ep Mola D. LARS ad D. Oldenburgum, 27 Aguflk: 2676 be aa. 


New tono communicanda. | 


C l Pi iro, D. Henzico Oldenburgio, 'Godefredus Guitieimus L Abri 5 


- Literz tuæ, die 26 Juli datæ, plura ac memorabiliora eirca rem ana- 
Iyticam continent, quam multa volumina ſpiſſa de his rebus edita. Quare 
tibi pariter ac Clariffimis Viris Newtono ac Collinio. gratias 280, qui nos 
participes tot meditationum egregiarum eſſe voluiſtis. 


Inventa Newtoni ejus ingenio digna ſunt; quod ex opticis experimentis 
& tubo catadioptrico abunde eluxit. 


Ejuſque methodus inveniendi radices zquatioffum & areas figurarum, 


per ſeries infinitas, prorſus differt à mel : ut mirari libeat diverſitatem iti- 
nerum, per quæ eodem pertingere licet. 

Mercator figuras rationales, ſeu in quibus ordinatarum valor ex datis ab- 
ſciſſis rationaltter exprimi poteſt (ut ſcilicet indeterminata quantitas in vin- 
culum non ingrediatur) quadravit; - & ad infinitas feries reducere docuit, 

er divifiones: Newtonus autem, per radicum extractiones. Mea me- 

odus corollarium eſt tantùm rus generals de Transformationibus ; 


cujus ope ſigura propofita :quelibet,.  quicunque. -equatione explicabilis, 


tranſmuratur in alam analyticam, æquipollentem; talem ut, in ejus #- 
quatione, ordinate dimenſio' non aſcendat ultra cubum aut quadratum, 


aut etiam en mam nen n en hoc 


4 5 * 4 . 5 , * : a2 by * 75 p 


©) Vide Town, L. p. 128. not. ff 
Hic modus tranſmutaudi fi ras curvilineas | m alias 1 {is 5 —— ejuſdem eſt generis cum 
tranſmutationibus Barrovianis & Gre regorianis. Et conicæ ſectiones hic methodo ſemper ad ſer: &8 


whnitas reduci rofſunt, per diviſiones. Generalis tamen non eſt, Nam fi Curva ſit ſecundi 8 
| - 


| DB, MN, oecurrentia Ereitircutocdager diametro 
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det figura, vel per extractionem radicis cubica vel 3 Newtoni 
more f vel etiafi, methode Mercatoris,” per Himplicern divifionens';' ad fe- 
tics infinitas reduei queat. Ih ron hh e IE refer fe ge Re gs 12D 
Ego vero ex his tranſmutationibus ſimpliciſſimam ad rem præſentem de- 
legi. Per quam ſcilieet uhaquæque figura transformatur in aliam æqui- 
ollentem rationalem; in cujus æquatione, ordinata in nullam prorſus aſ- 
cendit poteſtatem: ac proinde ſold Mercatoris diviſione per infmitam ſe- 
Ipſa porro * generalis tranſmutationum methodus mihi inter potiſſima 
analyſcos cetrfenda videtur. Neque enim tantùm ad ſeries infinitas, & ad 
approximationes; ſed & ad ſolutiones geometricas, aliaque innumera vix 
alioqui tractabilia, inſervit. Ejus vero fundamentum vobis candide liberé- 
oe ſeriboà perſuaſus quæ apud vos habentur præclara, mihi quoque non 


enegatum 111. : 


4 


* 


o 


- Transforrnationis fundamentum hoc eſt: ut figura propoſita rectis in- 
numeris utcunque, modo ſecundum aliquam regulam ſive legem ductis, re- 
ſolvatur in partes; que partes, aut aliz ipſis æquales, alio ſitu alidve for- 
md reconjunctæ, aliam componant figuram priori æquipollentem, ſeu ejuſ- 
dem areæ, etſi alia A figura conſtantem. Unde ad quadraturas abſolu- 
tas, vel hypotheticas, Geometricas, vel ſerie infiniti expreſſas, Arithmeti- 
cas, jamjam multis modis perveniri poteſt. | 
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Ut intelligatur ; fit figura aqacpa. Ea, ductis rectis BD parallelis, re- 
ſolvi poteſt in trapezia 1B2D, 2B3D, &c. Sed, duQtis rectis convergentibus 
ED, reſolvi poteſt in triangula EIDZzD, E2D.3D, NS. 4 Oi at 


. 
7 Ca, 
4 1 
o », * . 


” . 
1 . 2 . 
4 . 4 * 2. 
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3 2 
NN 


Si jam alia ſit Curva Al rar zr; cujus trapezia, 127, 2837, fint triangulis 
E1D2D,E2D3D, ordine reſpondentibus æqualia; tota figura AE3D2DIDA, tot! 
figurz „ © 4 5H ET or oh 

Quinetiam trapezia trapeziis conferendo, ;fieri poteſt ut 1N2P, vel quod 
eodem redit, rectangulum Na, fit quale trapezio reſpondenti 1B2D, 
ſive rectangulo 13:D, tametſi recta 1 N17 non fit æqualis rectæ 1B1D; mod ò 
it 1N2N ad 1828 ut 151 D ad 10; quod infmitis modis fieri poteſt. 
— Quz omnia talia ſunt, ut cuivis ſtatim ordine progredienti, ip{a natura 

ce, in mentem veniant.; contineantque indiviſibilium methodum gene- 
raliſſimè conceptam, nec, quod ſciam, hactenus ſatis univerſaliter explica- 
ris, incidetur in æquationem quadraticam; ki tertii generis, in cubicam ; fi quarti, in quadrato- 
quadraticam; fiquinti, in quadrato-cubicam, &c. præterquam in eaſibus quihuſdam valdè parti- 


ne ro radicùm problemata faciaùs ſolvuntur, abſque tranſmutatio- 
Albus, E | | 


Per -extraQtiones ve 


* 


„OM M PR GI U N 


tam Non tantùm enim parallele & convergentes, ſed & alia urcunque 
derti lege: duſtae, rede vel curve, adhiberi poflunt ad reſolutionem. 
Quanta autem, & quàm abſtruſa, hinc duci poſſint, judicabit, qui —— 
univerſalitatem anicho erit complexus. Certum enim eſt omnes quadratu- 
ras, „ Ae nataa, abſolutas vel hypotheticas, Meta ca us ſti 
mina 1 90 
Sed nunc aden ſubecerit applicationemn re od id, y Ye quo .agitu ; 
| ſeries ſcilicet . & modum trans formandi figuram datam in alam 
æquipollentem rationalem, Mercatoris methodo trattandam. ;. 


14 + 


AQCA fit quadrans eirculi: radius aa =: abſciſſa AB : ordinata 
131D== y3-=quatio pro cireulo aræ - π . Duecatur recta AD; pro- 
ducaturque, donec ipſi as etiam productæ occurrat in Int et qIx Voretur 


* 


z. Et * erit A1B, ſeu n= : ef 1910, ſve y. . Eodemi'mody, 


ductd Azpax; fi. aan = 6, poſita ſcilicet 11K =P: erit 44555 
— ; & An- Al, ſive recta 18323, erit ; —— 


3 2 7 N 


TY Tot ; infinite Ka For deſtructiones & diviſions, elk 11 8 . 


5 „ * & 


arg 


2 Habits ergo rea 151, & recta 1828, * bebitur valor reQanguli 


192B, multiplicatis eorum valoribus in ſe invicem; ; habebitur inquam 
87228 

7 =, pro valore reftanguli 1D2B. 

Yr 


Sit jam Curve 1y2y3y, &c. natura pro arbitrio afſumpra talis, ut ordi- 


4 
nata ejus 105 ex data abſciſſd ax five 2, fit. — — Ideo quonmm 


2, * 


dex , 
1N2N — = erit rectan 1 1 2, etiam 2 ac onde # uale 


rectumgulo 1b 2B: & ſpatium 171 135 zrzrir æquale ſpatio circulari re- 


ſpondenti IDIB3B3D2DID. Eft aotem 1 ordinata NP rationalis, ex 


br ab e quia, poſit . = 2; ordinata NF eſt N five 


YEP DP 
875 22 


TER T PHT Ergo ipfa per afin tam ſeriem,} integrorum exprimi po- 
teſt, dixidendo. Et ſpatium talibus ordinatis comprehenſum, zquipollens 
circulari, infiniti ſerie numerorum rationalium, methodo Mercatoris qua- 


N. B. Leibnitius hanc methodum vulgari more prolixiùs hie exponit, quam analy ſis £jus 
nova paucis exhibere potuiſſet ; ideoque analyſin illam novam nondum nan * 


7 rat 
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drari poteſt. Quod cum facillimum ſit facere, hie omitto; Neque enim 
9 ſuæ, ſed methodi generalis explicandæ cauſ, hoc exemplum aſ- 
"Ira quis loco circuli mihi dedifſce Curvam, in qui orditiata aſcendifſer 
ad gradum cubicum; potuiſſem eam reducere ad Curvam, in qua ordinata 
non aſſurrexiſſet ultra quadratum, vel etiam ne quidem ad quadratum: 
Itaque ſemper, five extractionibus radicum Newtonianis, gradũs cujuſli- 
bet dati, vel diviſionibus Mercatoris, poterit cujuſlibet figure ſpatium in- 
veuiri, interventu alterius æquipollentis. Multum autem ad ſim plicitatem 
intereſt, quid eligas. a + To Hg e HI AO 
Omnium vero poſſibilium circuli, & ſectoris conici centrum habentis 
cujullibet, per ſeries infinitas quadraturarum, ſimpliciſſimam hanc eſſe di- 
cere auſim, quam nunc ſubficio. | 


& * * 


* 
6 4 


Sit QAIF, [ vid. fig. precedent. ] ſector, duabus rectis in centro G con- Ne LII. 
currentibus, & curva conica A1F, ad verticem A ſive axis extremum perve- 
niente, comprehenſus. Tangenti verticis, Ar, occurrat tangens 17 7T. Ip- 
ſum ar vocemus 435 & rectangulum ſub ſemi- latere recto in ſemi- latus 
tranſverſum fit unitas. Erit * ſector hyperbole, circuli vel ellipſeos, per 
a : | ; 3 t 3 5 7 | : " 

ſemi- latus tranſverſum diviſus, = rg &e. Signo ambiguo == 
1 ; ” WE 5 | - 7 — a | | 

valente + in hyperbola, — in circulo vel eHipfi. Unde, pofito quadrato 
eircumſcripto x, erit circulus + —7+5—5 &c: Quæ expreſſio, jam tri> 
ennio abhinc, & ultra, a me communicata amieis, haud dubiè omnium pos- 
ſibilium ſimpliciſſima eſt, maximeque afficiens mentem. 

Unde duco Harmoniam ſequentem *; 

| E223 I 1 . I I I Q-- 
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& Ts &c. aream hyperbole zquilaterz 
J naexkr, cùm fit Be dupla ipſius Er, & quadratum in- 
| ſeriptum = 4. Numer) 3, 8, 15, 24, &c. ſunt 
quadrati unitate minute. . 
4 VPioiciſſim, ex ſeriebus regreſſuum, pro hyperbol3 
mahaaame inveni. Si ſit numerus aliquis unitate minor 
ET NE 1 , ejuſque logarithmus hyperbohcus /: erit 


N 


> 
4 
— 


E Z DOE > E | . | 
F Mn 44 ——ĩ5ði3 — &. Si nume- 
r. er „eee 4 By 


rus fit major unitate, ut 1 4; tunc pro eo inveniendo mihi etiam f bro⸗ 
ut regula, que in Nevvtoni epiſtola expretſa eſt ; ſcilicet erit 1 + 
Vid. pag. 506, lin, 20, & pag. 519, lin. 3. | 


t Vide Acta Lipfica Feb. 1682, 
I Vid, not, pag. 528, | 


* 


£9 


1 
2 


1 


| A = TIT Lit Prior tarnen celerits ppb laeo- 
que efficio, ut ed po = *. etiam cùm major elt unitate numerus x +1, 


_ idem eſt p erg x pro 1 4 u & pro - 2 Onde, ſi 1 11 ſit ma. 


| 1 
Jor unitate, erit 1 minor unitate. Fiat — 14 1 ac inven 


m, habebitur & 1'+7 numerus quæſitus. 
Quod regreſſum ex arcubus attinet *, incideram ego directe! in nia, 
que ex Hl arcu ſinum complementi exhibet. Nempe, ſinus comple. 


& * a* 


| at. 
menti 1 1 N &c. Sed poſtea quoque deprehendi, er el 


: ; 1 3 | 
illam nobis 8 pro inveniendo ſinu recto, qui eſt 4 


1 "NO OP 
* 


= — 


err . &c. poſſe demonſtrari. 
'Quod — verbis. ſic fit. Summa ſinuum complementi ad arcum, 2 


2 4 


a a? 
0 r £24 fob Cade oth : "5 EP OR 1 12 
omnium I 5 1 . Kc. eſt — : IE THEE ITT) "© Tho Por- 


ro, ſumma ſinuum complementi ad arcum, ſeu arcui in locis debitis inſiſ. 
tentium, æquatur ſinui recto ducto in radium, ut notum eſt geometris; id 
eſt, æquatur ipſi ſinui recto; quia radius hic eſt unitas. Ergo ſinus rec- 


8 


c a 
tus 5 NN &c. Hinc etiam, ex dato arcu & radio, 
fine ulla prorſus 8 notitia, haber poteſt area ſegmenti circularis du- 
is” | 
plicati: que eſt — 77 l . &c. Unde 
optimè ſegmentorum tabula ad gradus & minuta, &c. calculabitur. 
Pro trigonometricis autem operationibus, percommoda mihi videtur 
at 4 


hec expreſſio: ut ſinus complementi, c, ponatur =1 - 2 n 


quoniam ſola, memoriã retenta, omnibus caſibus & operationibus, di- 
rectis ſcilicet ſimul & reciprocis, ſufficit ; quod ideo fit, quoniam æquatio 


cant —=+= eſt plana. Unde fi viciſſim quæras arcum ex ſinu comple- 


menti, radix extrahi poteſt ; adeoque fiet arcus a of 6—/24c +12 ex- 


actè ſatis ad uſum eorum, qui in itineribus tabularum e e carent; 
a® 


quia error æquationis non eſt —. 
720 


Innumera aha poſſent dici, quæ his fortaſſe elegantia & 8 non 
cederent. Sed ego ita ſum comparatus, ut plerumque, methodis generali- 
bus detectis, rem in poteſtate habere contentus, reliqua libenter alns relin- 
quam.“ Neque enim iſta omnia magnovere æſtimanda ſunt, niſi quod ar- 
tem inveniendi perficiunt, mentemque excolunt. Si quæ obſcuriora vide- 
"4 ea libenter elucidabo: et illud quoquèe een 1 
6 methodo 


N. B. Methodum perveniendi ad has ſeries Leibnitius A Newtono jam modo acceperat, id 


que ex ipſius rogatu. Imo ſeries ipſas à New i000, una cum methodo perveniendi ad ealdem, jo 
modo 


methodo quationum quoque uteunque affectarum radices per infinitam 
ſeriem dari poſſint, fine ulld extractione; quod mirum fortaſſe videbitur. 

Sed deſideraverim, ut Clariſſimus Newtonus nonnulla quoque ampliùs ex- 
plicet; ut originem theorematis, quod initio ponit: item, modum quo 
quantitates p, 9 7, in ſuis operationibus invenit: ac denique, quomodo in 
methodo regreſſuum ſe gerat; ut cum ex logarithmo quærit numerum. Ne- 
que enim explicat, quomodo 1d ex methodo ſua derivetur. Ht 
Nondum mihi licuit, ejus literas, qua merentur diligentia, legere: quoni- 
am tibi è veſtigio reſpondere volui. Unde non ſatis nunc quidem affirmare 
auſim, an nonnulla eorum quæ ſuppreſſit, ex ſola earum lectione conſequi 
poſſum. Sed optandum tamen foret, ipſum ea potius ſupplere Newto- 
num: quia credibile eſt, non poſſe eum ſcribere, quin aliquid ſemper præ- 
clari nos doceat, ut apparet, egregiarum meditationum plenus. 8 8 

care gravatus non eſt. Vellem adjeciſſet appropinquationis Gregorianæ li- 
nearis demonſtrationem. Credo tamen aliam haberi ſimpliciorem, etiam 
in infinitum euntem; que fiat fine ulla biſectione anguli; imo fine ſup- 
poſita circuli conſtructione; ſolo rectarum dudu. | — 

Vellem Gregoriana omnia conſervari. Fuit enim his certe ſtudiis pro- 


tate quadraturæ abſolutæ circuli & hyperbolæ, multa haud dubiè deſunt. 


idem eſt, tollendis æquationum poteſtatibus intermediis, multa & ego me- 
ditatus ſum; & jam vere anni ſuperioris, ſpecimina Hugenio communica- 
veram regularum Cardanicis ſimilium. Seriem cum habebam ejuſmodi re- 
gularum in infinitum euntem; in quibus & Cardanica continebatur. Sed 
ultra gradum cubicum non erant generales. Perſpexi tamen inde veram 
methodum progrediendi longins. Quamquam multis adhuc opus fit arti- 
bus, quas excutiendas libenter ingenioſiſſimo Tſchurnhauſio relinquo; qui 


uo pervenit. 

Ux 11s que Collinius ait de Gregoriana methodo, difficile non fuit nobis 
certo divinare, in quo conſiſtat ejus ſubſtantia. — 
Imaginariarum quantitatum, in realium radicum expreſſiones ingredien- 
tium, tublationem fruſtra putem ſperari, imo quæri. Neque enim illæ 
ullo modo vel calculis vel conſtructionibus obſunt: et veræ realeſque ſunt 
quantitates, ſi inter ſe conjunguntur, ob deſtructiones virtuales. Quod 


multis elegantibus exemplis, & argumentis, deprehendi. 


Exempli gratidl, VI TVC Z TVI LVZ N. Tametſi enim ne- 


— —— — — — 


que ex binomio VI +v — 3, neque ex binomio V1 —v —3 radix extra- 
hetur ; nec proinde fic deſtruetur imaginaria - 3 : ſupponenda tamen eſt 

J 0 » * . — . * A 
deſtructa eſſe virtualiter; quod actu appareret, ſi fieri poſſet extractio. Alta 


tamen via hæc ſumma reperitur eſſe /6. Unde in eubicis binomiis, ubi 
realitas ejuſmodi formularum, tunc cum exttactio ex ſingulis binomus fieri 


modo acceperat, & pro hyperbola ſignum tantùm mutavit ; pro circulo, ſinum verſum à Newtono 
«ceptum ſubduxit a radio, ut habe ret ſinum complementi. | 


Vol. IV. 2 nequit, 


movendis aptiſſimus: cæterum ejus demonſtrationi editæ, de impoſſibili- 


De æquationum radicibus ſurdis generalibus inveniendis ; five, quod 


hic ad eadem quæ ego-habebam ſpecimina, imo & alia præterea, etiam de 
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Ad alia tuarum literarum venio; qu doctifſimus Collinius communi- N LIN 
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nequit, ad oculum oſtendi non poteſt, mente tamen intelligitur. Quare 
fruſtra Carteſius aliique expreſſiones Cardanicas pro particularibus habtere, 
S1q218 pofſet i invenire quadraturam circuli & ejus partium, ex data hyper- 
bol & ejus partium quadraturà, is poſſet eas tollere; modo in ipſam qua- 
draturam imaginarlæ Ila rurſus ingrediantur ; : 

Czterum ex illis, quas habeo, meditationibus circa radices æquationum 
irrationales, e ſequitur res ſatis paradox a: ſcilicet omnes qua- 
tiones gradiis octavi, noni, decimi, pofle ad gradum ſeptimum reduci. Ita. 
que & omnia problemata, ad decunum gradum uſque occurrentia, pofſunt 
ad feptimum deprimi. 


Horribiles calculi ſubeundi erunt illi, qui in hoc argumentum velit per 


vim irrumpet; ſed facil.im1, ipſi qui ante meditabitur: cum, ut prævideo, 


ipſa natura rei ducat ad compendia quædam, per quæ ſpes eſt calculi mag- 
nam partem abſcindi; remque elegantibus artificiis, ingenii potius viquam 
calculi labore, tranſigi poſſe. 

Sed ſiquis laborem non ſubterfugeret, eum docere poſſum methodum 
analyticam generalem infallibilem, per quam omnium * ra- 
dices generales invenire liceret. 

Verum meliora illis proponerem agenda, qui calculo deleftarentur. Con- 
ſilium enim habeo tabularum analyticarum, quæ non minoxis futuræ eſ- 
ſent uſus in Analyſi, quam tabulæ ſinuum in Geometria PraCtici ; imo, ar- 
bitror, qui paulum 1 in 1s calculandis verſatus fit, eum progreſſiones reper- 
turum in infinitum, quarum ope magna tabulæ pars fine labore continuar 
poſſit. Nihil eſt, quod norim, in toti analyſi momenti majoris. Nam in 
his tabulis pleraque problemata ſtatim ſoluta haberentur, aut Icvi opera 
poſſint inde deduci. 

Pendet negotium ex re longè majore; arte ſcilicet combinatoria general 
ac vera, Cujus vim ac poteſtatem neſcio, an quiſquam hactenus fit conſe- 
quutus. Ea verò nihil differt ab analyſi illa ſuprema, ad cujus intima, 
quantum judicare poſſum, Carteſius non pervenit. Eft enim, ad cam con- 
ſtituendam, opus alphabeto cogitationum humanarum. Et ad inventionem 
ejus alphabeti, opus eſt analyſi as iomatum. Sed non miror iſta nemini 
ſatis conſiderata: quia plerumque facilia negligimus; &, multa, quæ clara 
videntur, aflumimus. Quam quamdiu faciemvs, nunquam ad illud per- 
veniemus, quod mihi videtur in rebus intellectualibus ſummum; nec ge- 
nus calculi, etiam non- mathematicis accommodati, obtinebimus. 

Optacim Cl. Pellium generalia ſua meditata, & illud ſpeciatim, quod 
memoras, Cribrum Eratoſthenis non ſupprimere. Nam etſi omi ia forte, 
quæ deſtinärat, non abſolverit; meditata tamen ipſa, & confilia, egregiorum 
virorum non perire, publici intereſt. Utilia quoque futura ſunt, quæ de fi- 
nuum tabula ad æquationes accommodandà habet. Item de Junitibus, & 
radicibus. 

Quod dicere videmini, pleraſque difficultates, exceptis problematibus 
Diopuanteis, ad ſeries infinitas reduci; id mihi non videtur. Sunt emm 
multa uſque adeo mira & implexa, ut neque ab æquationibus pendeant, 

| | nequè 


= 


))) 1. GY. 
neque ex quadraturis. Qualia ſunt, ex multis alus,  problemata *® metho- 
di tangentium inverſe ; quæ etiam Carteſius in poteſtate non efle faſ- 
ſus eſt. | 

In Tomo IN Epiſtolarum, una habetur ad Beaunium; in qua, ad pro- 
poſitas a Beaunio, Curvas quaſdam invenire conatur ; quarum una eſt ludus 
naturæ: ut intervallum inter tangentem, ad [axem] directricem uſque pro- 
ductam, & ordinatim-applicatam ex Curva ad directricem, fit ſemper ideni; 
recta ſcilicet conſtans. Hanc Curvam nec Carteſius, nec Beaunius, nec quiſ- 
quam alius, quod ſciam, invenit. Ego vero qua primum die, imo hor, 
cæpi quærere, ſtatim certi analyſi ſolvi. Fateor tamen nondum me, quic— 


quid in hoc genere deſiderari poteſt conſecutum: quamquam maximi mo- 


menti eſſe ſciam. Ac de his quidem nunc ſatis. 1 85 

Ego id agere conſtitui, ubi primùm otium nactus ero, ut rem omnem 
mechanicam reducam ad puram geometriam ; problemataque circa elateria, 
& aquas, & pendula, & projecta, & Solidorum reſiſtentiam, & fractioncs, 


Kc. definiam. Quæ hactenus attigit nemo. Credo autem rem omnem 


nunc ec in poteſtate; ex quo circa regulas motuum mihi penitus perfectis 
demonſti ationibus ſatisfeci; neque quicquam amplius in eo genere deſidero. 
Tota autem res, quod mireris, pendet ex axiomate metaphy ſico pulcherri- 
mo; quod non minoris eſt momeati circa motum, quam hoc, totum eſſe 
mojus parte, circa magnitudinem. 

ac plane a prioribus diverſas contemplationes, in Geometria pariter ac Me- 
chanica magno uſui futuras. Hæc ubi (Deo volente) abſolvero, reliquum 
temporis, quod ſcilicet philoſophicis meditationibus deſtinare fas erit, natu- 
ræ indagationi debeo. „ | 

Tichurnhautius proximo tabellione ſcribet. 


De centro- baricis quoque, ſingularem quendam aditum reperi ad novas 
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Excerpta ex epþiſto!ld D. Ehrenfried de Tſchurnhauſe ad D. Oldenburgum, Ne Lv, 


Pariſiis 1e Septemb. 1676 datd ; cujus extat exemplar manu D. Collinis 
deſeriptum. | 


Expectabam cum deſiderio reſpouſum, cum aliquot abhine menſibus ad 
te literas meas tranſmiſeram; ſed nec ex modo datis colligere licet, has re- 
ceptas fuiſſe. Interim admodum oblectatus fui, hiſce conſpectis quæ ad 
D. Leibnitium exaraſti ; maximéque me tibi devinxiſti, quod me partici— 
pem volueris facere tam ingenioſarum inventionum, & promotionis geo- 
metriæ tam pulchre guim utilis. Statim curſim eas pervolvi, ut viderem, 


num forte inter haſce ſeries infinitas exiſteret + ea, qua ingenioſiſſimus D. 


Leibnitius circulum, imo quamvis ſectionem conicam (centro in finita 
aſtantia gaudentem) quadravit; tali ratione, ut mihi perſuadeam ſimplicio- 
rem viam, nec quoad linearum conſtructionem, nec numeralem expreſſio- 


* $i zquationes differentiales D. Leibnitio jam innotuiſſent, haud dixifſet, problemata methodi 
tangentium inverſæ ab æquationibus non pendere. Vö' : 
f Annon D. Tſchurnhauſe viderat excerpta ex Gregori epiſtolis, cum D. Leibnitio communi- 
cata; ubi habetur ſeries Gregori, quam Leibnitio hie tribuit? Vide pag. 521. 
222 2 nem, 


Ns LV. 
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nem, -nunquam viſum iri; quique hiſce porro inſiſtens, generalem adinve. 
nit methodum figuram quamvis datam in talem rationalem tranſmutandi, 


quæ per ſolum inventum (admodum præſtans meo judicio) D. Mercatoris, 
ad ſeriem infinitam poſſet reduci. Sed hac de materia, cum ipſe non ita 


pridem mentem ſuam declaravit, non opus eſt ut prolixior ſim. Verùm 


ut ad ſpecimina perquam ingenioſa D. Newtoni revertar; hec non potuere 


non mihi placere; tam ob utilitatem, qua ſe tam late ad quarumvis quanti- 
tatum dimenſiones, ac alia difficilia enodanda in mathematicis extendunt, 
quam ob deductionem harum, a fundamentis non minus generalibus, quam 
ingenioſis, derivatam: non obſtante quod exiſtimem, ad quantitatem quam- 
vis ad infinitam ſeriem æquipollentem reducendam, fundamenta adhuc dari 


& ſimpliciora & univerſaliora, quam ſunt fractionum & irrationalium re- 


ductio ad tales ſeries, ope diviſionis aut extractionis; quæ mihi tale quid 
non niſi per accidens præſtare videntur: cum hæc ſucceſſum quoque ha- 
beant, licet non adſint fractiones aut irrationales quantitates. Similia porro, 
quæ in hic re præſtitit eximius ille geometra Gregorius, memoranda certè 
ſunt; & quidem optimè famæ ipſius conſulturi, qui ipſius relicta manu- 
ſcripta luci publicæ ut exponantur operam navabunt. 


Epiſtola D. Newtoni po/terior, ad D. Oldenburgum, Octob. 24, 


1676 data, cum D. Leibnitio communicanda. 
Vir Digniſſime, 


QvAxr A cum voluptate legi epiſtolas clariſſimorum virorum D. Leibnitii 


& D. Tſchurnhaufii, vix dixerim. 


> 


Perelegans ſane eſt Leibnitii methodus perveniendi ad ſeries convergentes: 
& ſatis oſtendiſſet ingenium authoris, etſi nihil aliud ſeripſiſſet. Sed que 
alibi per epiſtolam ſparſit, ſuo nomine digniſſima, efficiunt etiam, ut ab eo 
ſperemus maxima. Diverſitas modorum, quibus eodem tenditur, eo magis 
placuit, quod mihi tres methodi perveniendi ad ejuſmodi ſeries innotue- 


rant; adeo ut novam nobiſcum communicandam vix expectarem. 


Unam è meis prius deſcripſi: jam addo aliam; illam ſcilicet qua pri- 
mum incidi in has ſeries. Nam incidi in eas, antequam ſcirem diviſiones & 
extractiones radicum, quibus jam utor. Et hujus explicatione pandendum 
eſt fundamentum theorematis, ſub initio epiſtolæ prioris poſiti, quod D. 
Leibnitius à me deſiderat. 

Sub initio ſtudiorum meorum mathematicorum, ubi incideram in“ 
Opera celeberrimi Walliſii noſtri: conſiderando ſeries, quarum intercalatione 
ipſe exhibet aream circuli & hyperbolæ; utpote quod in ſerie Curvarum, 


quarum bafis ſeu axis communis fit x, & ordinatim applicate 1 = xx *. 


I 2 6 | 
IX . IE. I XM. 1 - K*. 1 — E. &c. ſi areæ alternarum, quæ ſunt 


1 28125 Sack. 4. . : b has 
*, X A, XJ TX, * 53 TJ =7# &c. interpolari poſſent; ha 


+ Vide D. Walliſi arithmeticam infinitorum, Prop, cxvIII, cxx1, ejuſque algebram, Cap. 
LAXXI1, 


beremus 


1 
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beremus areas intermediarum, quarum prima, 1 = x37, eſt circulus : ad has svn 
interpolandas notabam, quod in omnibus, primus terminus eſſet x; quod- . 


o #7” 0 1 p | * 0 . , "35: | 
ve ſecundi termini, *, Jr, 3, Jr, &c. eſſent in arithmeticà progreſ- 
zone 3 & proinde quod duo primi termini ſerierum intercalandarum debe- 


Bos - a x? x? 
rent eſſe E, , —15— &c. 


Ad reliquas intercalandas conſiderabam, quod denominatores, 1, 3, 5, FA 


&c. erant in arithmetica progreſſione; adeoque ſolæ numeratorum coe 
cientes numerales eſſent inveſtigandæe. Hæ autem in alternis datis areis 


erant figure poteſtatum numeri undenarii; nempe 115, 11, 11, 11, 117. 
Hoc eſt, primo 1; deinde I, 1; tertio 1, 2, 1; quarto 1, 3, 3, 1; quinto 


I, 45 6, 4+, I, &c. | | . „ b | * o . 
Quærebam itaque, quomodo in his ſeriebus, ex datis duabus primis fi- 
guris, reliquæ derivari poſſent. Et inveni, quod pofita ſecunda figura m, 


reliquæ producerentur per continuam multiplicationem terminorum hujus 


* 


ſerie, * u Kc. 
9 2 3 4 6. 


Exempli gratid, Sit terminus ſecundus m = 4; & erit 4 X —, hoc 
| | 2 


eſt 6, tertius terminus; & 6 * hoc eſt 4, quartus; & 4 *, hoc 


eſt 1, quintus; & 1 * hoc eſt o, ſextus; quo ſeries in hoe caſu ter- 


minatur. 1 
Hanc regulam itaque applicui ad ſeries interſerendas. Et cum pro cir- 

: 3 ; . | 8 BY a 
culo ſecundus terminus eſſet , poſui m : & prodierunt termini } x 
1— I Bo 1 2 —2 . 1 * — 5 e > . . 
”—_— five — 3 . five +37 3 e wh ſive Ir; & fic in infi- 

3 1 22 

. | » . . . 2 * Ty 
nitum. Unde cognovi, deſideratam aream ſegmenti circularis efle x — 1 5 90 
XX 1 x! 5 9 | | 
Le I. vr &c. | 

7 9 | 


Et eadem ratione prodierunt etiam interſerendæ areæ reliquarum Curva- 

rum: ut & area hyperbolæ, & cæterarum alternarum in hac ſerie; 1 T, 
1 2 j 

Et eadem eſt ratio intercalandi alias ſeries ; idque per intervalla duorum 
pluriumve terminorum ſimul deficientium. „ 5 

Hic fuit primus meus ingreſſus in has meditationes: qui & memoria ſane 
exciderat, niſi oculos in adverſaria quædam, ante paucas ſeptimanas, re- 
tuliſſem. 55 | 
5 

a » 410 | | ” 2 A T 
Ubi verò hæc didiceram ; mox conſiderabam terminos I — xx], 1 aa} 


| 5 5 ; 4 6 
1=az}, 1—xx}*, &c. hoc eſt, 1, 1—xx, 1=2xx+x*, 1 3 +3x —% » 
&c. eodem modo interpolari poſſe, ac areas ab ipſis generatas: & ad hoc ni- 
hil aliud requiri, quam omiſfionem denominatorum 1, 3, 5, 7» &c. iu ter- 


minis exprimentibus areas; hoc eſt, coefficientes terminorum quantitatis 


1 73 . | 5 m n > 
tercalande I —xx}*, vel In, vel generaliter 1 —ax]", prodire per 
me anon | continuam 
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continuam multiplicationem terminorum hujus ſeriei m x == x 
AD OLDEn+ 1 | | Ee LS 2 


COMMERCI1IUM 


M2 
— * 
ROY . 
1 &c. 
AAA Ann "AY — 1 5 E 1 
| * (exempli gratia) 1 wx] valeret 1-24 Lare &c. Et 
„ 6 .Q,, Wa + | 
1 —xx}* valeret 1 TK +77% &c. Et 1 xx] valeret I =2xx— 
Nr r &c | f | | | 
9 bY 81 "os i - oy » "> . . 0 . 7 » 
Sic itaque innotuit mihi generals reductio radicalium in infinitas ſeries, 
per regulam quam poſui initio epiſtolæ prioris, antequam ſcirem extrac- 
tiones radicum. 
Sed hac cognita, non potuit altera me diu latere. Nam ut probarem 
has operationes, multiplicavi 1 T N I &c. in ſe; & factum eſt 
1 xx, terminis reliquis in infinitum evaneſcentibus per continuationem 
ſerie, Atque ita 1 =5xx g = 5x* &c. bis in ſe ductum produxit 1 xx, 
Quod, ut certa fuerit harum concluſionum demonſtratio, fic me manu- 
duxit ad tentandum e converſo, num he ſeries, quas fic conſtitit eſſe ra- 
dices quantitatis 1 — xx, non poſſent inde extrahi more arithmetico. Et 
res bene ſucceſſit. Operationis forma in quadraticis radicibus hæc erat. 


I —XX (IEA f e &. 


1 
O - xXx 
= XX + ;x* 
1 
K + 750 
FJ = x 


His perſpectis, neglexi penitus interpolationem ſerierum; & has opera- 
tiones, tanquam fundamenta magis genuina, ſolummodo adhibui. Nec la- 
tuit reductio per diviſionem; res utique facilior. 85 | 
Sed & reſolutionem affectarum æquationum mox aggreſſus ſum ; eamque 
obtinui. Unde ſimul ordinatim applicatæ, ſegmenta axium, aliæque quæ- 
libet re&z, ex areis Curvarum, vel arcubus, datis innotuere. Nam regrei- 
ſio ad hæc nihil indigebat præter reſolutionem æquationum, quibus are#, 
vel arcus, ex datis rectis dabantur. | 

Eo tempore peſtis ingruens [que contigit annis 1665, 1666] coegit me 
hinc fugere, & alia cogitare. Addidi tamen ſubinde condituram quandam 
logarithmorum, ex area hyperbolz, quam hic ſubjungo. 1 

| 


* Mathematici priores invenerunt hoc theorema, quod ſumma terminorum progreſſionts geome- 
rice, in infinitum pergentis, eſt ad terminorum primum & maximum, ut his terminus ad differen- 
tiam duorum ter minorum primorum (). Idem demonſtratur arithmeticè, multiplicando extrema & 
media. Demonſtravit Walliſius, dividendo rectangulum ſub mediis per extremum ultimum. Vide 
Wallifii opus arithmeticum anno 1657 editum Cap. xxx111. & 36. Per Walliſſi diviſionem Meres: 
tor demonſtravit, & auxit quadraturam hyperbolz, a D. Brounker prids inventam. Et Gregorius 
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Sit Ir D hyperbola, cujus centrum c, vertex. v, vuzcun | 


AB, Ab hinc inde = 55 ſeu 0.1: et, erectis per- 
pendiculis, BD, bd, ad hyperbolam terminatis, erit 


O. 001 
T 


* ot . O,01l 
c. & ſemi-difterentia = * 


ſemi-· ſumma ſpatiorum Ap & Ad =0.1 + 


O. 00001 O. 0000001 & 


——— 


| In 5 pe Al 
CAB PBT == +==+=%= &c. Quæ reductæ fic 
SC - © 8 | 
| {ſe habent, 
o. 1000000009000 0.00 50000000000 
| 3333333333 250900000 
20000000 ö 1666666 
142857 12 500 
111 100 
9 I 


0.1003353477310 o. 05025 1679267 


Horum ſumma 0:1053605156577 eſt ad; & differentia 0.0953101798043 


eſt ab. Et eſdem ratione poſitis AB, ab hinc inde = 0.2, obtinebitur 
ad = 0.2231435513142; & AD =0.1823215567939. Habitis fic loga- 
rithmis hyperbolicis numerorum quatuor decimalium 0.8, 0.9, 1. 1, & 
2 
8 y : 
garithmos eorum ad duplum logarithmi 1.2, & habebis o. 693147 1805 597 


1. 1. | . . 
12; cum fit 8 X — —=2; & 0.8 & 0.2, ſint minores unitate : adde lo- 


logarithmum hyperbolicum numeri 2. Cujus triplo adde log. 0.8 (ſiqui- 


2X2X2 


dem {it = 10), & habebis 2.3025$50929933 logarithmum numer! 


O. 
10: indeque per additionem ſimul prodeunt logarithmi numerorum ꝙ & 
11: adeoque omnium primorum horum, 2, 3, 5, II, logarithmi in promp- 
tu ſunt. Infuper, ex ſolà depreſſione numerorum ſuperioris computi:per 


loca decimalia, & additione; obtinentur logarithmi decimalium 0.98, 0.99, 


101, 1.02; ut & horum 0.698, o. 999. 1.001, 1.002. Et inde, per addi- 


tionem & ſubductionem, prodeunt logarithmi primorum, 7, 13, 17, 37, &c. 


Qui uni cum ſuperioribus, per logarithmum numeri 10 diviſi, evadunt 
0 jo a+ . as X — \ . . 
vert logarithmi in tabulam inferendi. Sed hos poſtea propiùs obtinui 6 


Pudet dicere, ad quot fig 


— 


pore, produxi. Nam tune ſane nimis deleQabar inventis hiſce. Sed ubr. 


prodiit ingenioſa illa * Nicolai Mercatoris Logarithmotechnia (quem ſup- 


pono ſua primum inveniſſe) cœpi ea minus curare; ſuſpicatus, vel eum 


A . . -q 1 . . : 
nofle extractionem radicum, æquè ac diviſionem fractionum; vel alios ſal- 


tem, diviſione pate factà, inventuros reliqua, prius quam ego ætatis eſſem 


mature ad- ſcribendum. 


idem demonſtravit geometric. Sed horum nemo methodum generalem quadrandi Curvas per di- 
vifionem invenit, Mercator hoc nunquam profeſſus eſt. Gregorius ejuſmodi methodum, licet vir 
acutiſſimus & literis Colfihii admonitus, vix tandem invenit. Newtonus invenit per int rpolutio - 
nem ſerierum, & poſtea diviſionibus & extractionibus radicum, ut notioribus, uſus eſt. 

(') Vide Geometriam Analyticam, Cap. 1x5 306 —48. 


Eo. 


gurarum loca has computationes, otioſus eo tem- 


& quadratum interjectum CAFE = 1. In Ac cape kes. 
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. "> Eo ipſo tamen tempore uo liber - iſte prodiit, communicatum ef: 
AP VLDEN- mic | 


amicum D. Barrow, tunc Matheſeos profeſſorem Cantabrigiz, cum D. Col. 
linio *, compendium quoddam methodi harum ſerierum; in quo ſiguifica. 
veram areas & longitudines Curvarum omnium, & Solidorum en & 


contenta, ex datis rectis, & vice verſa, ex his datis rectas determinari 


poſſe : & methodum ibi indicatam illuſtraveram diverſis ſericbus. 
Subortà deinde inter nos epiſtolari conſuetudine; D. Collinius, vir in 

rem mathematicam promovendam natus, non deſtitit ſuggerere, ut hæc pub- 

lici juris facerem. Et ante annos quinque [167 1], cum ſuadentibus amicis 


confilium ceperam edendi tractatum de refractione lucis, & coloribus, quem 


tunc in promptu habebam; cœpi de his ſeriebus iterum cogitare: & 


tractatum + de 1is etiam conſcripſi, ut utrumque ſimul ederem. 


Sed, ex occaſione teleſcopii catadioptrici, epiſtola ad te miſſd, qui brevi- 
ter explicui conceptus meos de natura lucis; inopinatum quiddam effecit, ut 
mei intereſſe ſentirem, ad te feſtinanter ſcribere de impreſſione iſtius epiſ- 


tolæ. Et ſubortæ ſtatim, per diverſorum epiſtolas objectionibus alii{que 


refertas, crebræ interpellationes me prorſus a conſilio deterruerunt; & ef. 
fecerunt, ut me arguerem imprudentiæ, quòd umbram captando, eatenus 
perdideram quietem meam, rem prorſus ſubſtantialem. 

Sub eo tempore Jacobus Gregorius, ex unica quadam ſerie è meis, quam 


D. Collinius ad eum tranſmiſerat, poſt multam conſiderationem, ut ad Col- 


linium reſcripſit, pervenit ad eandem methodum; & tractatum de ea reli- 
quit, quem ſperamus ab amicis ejus editum iri. Siquidem, pro ingenio quo 
pollebat, non potuit non adjicere de ſuo nova multa; quæ rei mathematicæ 
intereſt, ut non pereant. 3 | 
Ipſe autem tractatum meum non ;penitus abſolveram, ubi deſtiti a pro- 
poſito; neque in hunc diem mens rediit ad reliqua adjicienda. Deerat 


quippe pars ea, qui decreveram explicare modum ſolvendi problemata, quæ 


ad quadraturas reduci nequeunt; licet aliquid de fundamentis ejus poſu- 


iſſem. Cæterùm in tractatu iſto, ſeries infinitæ non magnam partem ob- 


tinebant. 


Alia haud pauca congeſſi; inter quæ erat methodus ducendi tangentes, 
quam ſolertiſſimus Sluſius ante annos duos treſve tecum communicavit; de 
ua tu, ſuggerente Collinio, reſcripſiſti, eandem 4 mihi etiam innotuiſſe. 
Diverti ratione in eam incidimus. Nam res non eget demonſtratione, 
prout ego operor. Habito meo fundamento, nemo potuit tangentes aliter 
ducere, niſi volens de rectà via deviaret. 5 


Quinetiam non hic hæretur ad æquationes radicalibus, unam vel utram- 
que indefinitam quantitatem involventibus, utcunque affectas; ſed mo 
| aliqui 


* Analyſin intelligit per æquationes infinitas ſupra impreſſam, de qui vid. pag. 502, 503. 

+ Hujus tractatüs meminit D. Collins in epiſtolis duabus ſuprà impreſſis, pag. 508. Et Nev- 
tonus in epiſt. ſupra impreſſa, pag. 510. | ; 

t Vide epiſtolam Newtoni ſupra impreſſam, pag. $10. | | 

$ Hoc eſt, datd æguatione quotcungue fluentes quantitates inwolwente, fluxiones inwenire ; & wick 
verſd. Prior pars problematis ſolvitur per regulam binomii, initio epiſtolz ſuperioris Newtonianæ 
traditam, & initio hujus demonſtratam. Nam fi terminus ſecundus binomii fit momentum al 

| mini 


. 


E P: I 8 ODU. 


aliquà talium æquationum reductione, quæ opus plerumque reddetet im- vunαuννt 
menſum, tangens confeſtim ducitur. Et eodem modo ſe res habet in 10. 


quæſtionibus de Maximis & Minimis; aliiſque quibuſdam, de quibus jam 
non loquor. wa, NN ; | as 
Fundamentum harum operationum, ſatis obvium quidem, quoniam jam 
non poſſum explicationem ejus proſequi, fic potius celavi ? 6accde1 3» 
eff113/9n4949rra ſgt r avx. „ Ol POR ; 
Hoc fundamento conatus ſum etiam reddere || ſpeculationes de quadra- 


turà Curvarum fimpliciores ; pervenique ad theofemata quædam genera- 


liora. Et, ut candidè agam, ecce primum theorema. 


Ad Curvarn aliquam fit dz = e+ f ordinatimm applicata, termino ab- N* LVIII. 


ſciſſæ, ſeu baſis, 2 normaliter inſiſtens: ubi literæ d, e, F denotant quaſlibet | 
quantitates datas; & 0, 1, A indices poteſtatum, five dignitatum, quantita- 


. , 6 4 - - 
tum quibus affixæ ſunt. Fac — r; A= e fs * d & 
| | a 7 | 7 | 


: TT OP Fen 1 pg 6 7 
79 —1=#. Et area Curve erit Cin — -— E . 


7 eD | . . . . . ; 
= _ &c. literis A, B, C, D, &c. denotantibus terminos proxime antece- 


Tr 


| 1 5 2 — 7 —1 A | . | 
dentes ; nempe A terminum —B terminum — —— * &c. Hæc ſeries, 


521 1 
ubi 7 fractio eſt vel numerus negativus, continuatur in infinitum ; ubi 
vero r-integer eſt & affirmativus, continuatur ad tot terminos tantùm, quot 
ſunt unitates in eodem r; & fic exhibet geometricam quadraturam Curve. 
Rem exemplis illuſtro. . . | 
Exemplum 1. Proponatur Parabola, cujus ordinatim applicata fit ax, 
Hæc, in formam regulæ reducta, fit 2* x o Taz. Quare 4 =1; 0 0 


1 : * ; | = | ; 0 
„oO: /=a; y=1; A=4{. Adeoquer=1; 5=1j; Q= NA 


1 =o, Et ent area quæſita — a in —} hoc eſt, $2Vaz. Et fic in 
2 . 


ü _ * . » TE ry * „ Fo x+1 
genere ſi c2" ponatur ordinatim applicata, prodibit area 8 


Exem. 2. Sit ordinatim applicata = — 


c“ - 2CCzz+2%Z 


Hæc per reductionem 


fit * x cc = K; vel etiam a αννι x — Tc. In priori caſu eſt 
d a'; 8=1; e cc; f==—1; y=23 =- 2. Adeoque r=1; $==1;. 
a* 


4 3 . 
== Keen 22 1 hoc ot — . Et area curve in 


a 
2CC — 23% 


mini primi ; terminus ſecundus ſeriei, in quam dignitas Binomii per regulam illam reſolvitur, erit 
momentum dignitatis Binomii. Poſterior pars problematis ſolvitur regrediendo a momentis ad flu- 
entes: quod udi heretyy, fieri ſolet quadrando figuras ; & ubi ad quadraturas hæretur, extrahendo 
fiuentes per regulas quatuor; quarum duas Newtonus in epiſtols priore explicuit; duas alias, ſub 
inem hujus epiſtolæ, literis tranſpoſitis oceultavit; ut mox dicetur. | 1 
Hujuſmodi theoremata Newtono ante annum 1669 innotuiſſe patet, per analyſin ſupra im- 

preſſam pag. 503, lin. 2, & per epiſtolam Collinii ad Thomam Strode 26 Julii 1672 dati, page 
509, lin. 24, 25, 26, ut & per hanc epiſtolam. | 

4 A 
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A © NM * E R mY 1UM 
deft =>. In, ſccuade autem caſa, oſt d=4'; (=, 
_— cc; ht 4 7215 l 


2 ce 


— 0 4.4 Et area = in 77 — hoc eſt 


un 15 


I 4 


— Area bis cafibus diverfimods exhibetur, quatenus computatur 4 


diverſis is Gaibus; A quorum. aflignatio, per hos inventos valores arearum, fa- 
cilis eſt. 


Exem. 3. Sit ordinatim applicat n Tax: hoc fl per reduBio- 


' nem ad debitam formam ; vel 42 N ; vel -N Tl. By 
erit, In privts gafy, 2 Nr n 1=1; X =. Adeo- 


9 


que 2, &c. Quare, cum 7 non ſit - numerus affirmatwus, procedo 


ad alterum caſum. Hie eſt d ; 8=— ie 1 28217 


A =I. Adeoque r = 3 . 345 <= — 7 x T=, ſeu 
2 F 


8 * 4 - . 1 2 ; 
ry Sts 1 © 8 * —— — — — & 
— waz b 1 2 Et area, Qin 77 * n 11 ** 
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9 Fo ©” . 
A E. 30 + 24h: 1622 * 72 — f == + bn. | 


bes 
a 41 qeren? + zaacz3 — 432 
Hec, ad formam regulæ reduQa, fit bet xc az?) 7, Indeque eft d— 5; 


b 
E e=e; f= 4 124 124 en a 2 * r yo 


Exem. 4. Sit denique ordinatim i e 


* . Et area ax x , TP po ag? 


28aa 


Quòd ſi res non ſucceffiffet in — 4 caſu, 3 7 vel Kactione vel nu- 


mero negativo: tune tentàſſem alterum caſum, purgando terminum 
— 42 in ordinatim applicatà à coefficiente 273 a hoc eſt reducendo ordina- 


tim applicatam ad hanc formam; R NC . Et ſi 7 in neu- 


tro caſu fuiſſet numerus integer & affirmativus; ; cConcluſiſſem Curvam ex 
earum numero eſſe, quæ non poſſunt geometrie quadrari. Nam, quan- 
tum animadverto, hec regula achtiber) in finitis æquationibus areas omnium, 
geornetricam quadraturam admittentium, Curvarum; quarum ordinatim 
applicatæ conſtant ex poteſtatibus, radicibus, vel quibuflibet dignitatibus 
binomii cujuſcunque, licet non diredè, ubi index nen eſt numerus 
integer. 

At quando hujuſmodi Curva aliqua non poteſt geometricè quadrari; 
ſunt ad manus alla theoremata pro comparatione ejus cum conicis ſectioni- 
bus, vel ſaltem cum alus figuris ſimpliciſſimis, quibuſcum poteſt comparari: 
ad quod ſufficit etiam hoc ipſum unicum = deſeriptum theorema, fi de- 
bitè concinnetur. . | 


Pro 


Pro trinomus etiam, & alus quibuſdam “, regulas quaſdam doncinnavi. + 


Sed in ſimplicioribus vulgoque celebratis figuris, vix aliquid relatu n 


num reperi, quod evaſit aliorum conatus; niſi fortè Longitudo Ciſſoidis 
ejuſmodi cenſeatur. Ea fic conſtruitur, s ; Fe ; Vs „ 
| | MAI Sit vp ciſſois; Av, diameter cireuli ad quer 
aptatur; v, vertex; AF, aſymptotos ejus; ac pn, 
perpendiculare quodvis ad Av demiſſum. Cum 
ſemi-axe Ar = Av, & ſemi-parametro AG = 
I av, deſeribatur hyperbola yk; & inter An 
& av ſumpta ac media proportionali, eri- 
gantur, ad e & v, perpendicula-c#, vs, hyper- 
bolæ occurrentia in & & k; et agantur rectæ, 
Ex, ., tangentes hyperbolam in eiſdem & 
E, & occurrentes Av in 1 &; & ad av: 
conſtituatur rectangulum vx æquale ſpacio 
EIA. Et ciſſoidis vn fongitudo erit ſextupla 
altitudinis am. Demonſtratio perbrevis eſt (). 
| Sell ad infinitas ſeries redeo. 5 Of 
Quamvis multa reſtent inveſtiganda, circa modos approximandi, & circa 
diverſa ſerierum genera, quæ poſſunt ad id conducere : tamen vix cum D. 
Tſchurnhauſio ſperaverim, dari poſſe aut ſimpliciora, aut magis generalia 
fundamenda reducendi quantitates ad hoc genus ſerierum, de quo agimus, 
quam ſunt diviſiones, & extractiones radicum; quibus Leibnitius & ego uti- 
mur; ſaltem non generaliora: quia pro quadraturi & Euvuos, Curvarum 
ac ſimilibus, nullæ poſſunt dart, ſeries ex hiſce ſimplicibus terminis alge- 
braicis (unicam tantum indefinitam quantitatem involventibus) conſtantes, 
quas non licet hac methodo colligere. OO 


4 , 


Nam non poſſi 


unt eſſe plures cgnvergentes ſeries ad idem determinandum, 
quam ſunt indefinitæ quantitates, ex quarum poteſtatibus ſeries conflen- 
tar: & ego quidem, ex adhibita quacungque indefinita quantitate, ſeriem 


novi colligere; & idem credo Leibnitio in poteſtate eſſe. 

Nam quamvis mea methodo liberum {it eligere, pro conflandd ſerie, 
8 quamlibet indefinitam, a qua quæſitum dependeat; & metho- 
dus, quam ipſe nobiſcum communicavit, determingta videatur ad electio- 
nem talium indefinitarum quantitatum, quibus opus commodè deduci po- 
teſt ad fractiones, que per ſolam diviſionem evadant ſeries infinitz ; ta- 


men aliæ quæcunque indefinitæ quantitates pro ſeriebus conflandis adhi- 
beri poſſunt; per methodum iſtam, qua affectæ æquationes reſolvuntur; 


dummodo reſolvantur in proprus terminis ; hoc eſt, conficiendo ſeriem * 


ſolis terminis, quos æquatio involvit. He 1223 

Præterea non video, cur dicatur his diviſionibus & extractionibuꝭ proble- 
mata reſolvi per accidens: ſiquidem hæ operationes eodem modo ſe habeant 
ad hoc genus algebræ, ac vulgares operationes arithmeticæ ad algebram 


* 


vulgo notam. 


* Hz omnes regulæ propoſitionem quintam ſextam ſeptimam 
conſtituunt. a | 
(') Conſule Geometriam Analyticam, Cap. x11, $ 43, 44. 
"LA 3 
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Ne LIX. 


quantitates in vinculo zadicum, reducantur ad quam pauciſſimas & mini- 


gentem, etſi radices neque convertantur in fractiones, neque deprimantur. 


PpPerius problema eſt alterius generis : & quàmvis prima fronte intractabile 


ſolvere deſiderem. 


CO MME R GC I UM 


Quod autem ad ſimplicitatem methodi attinet; yolim fractiones & ra- 
cales, abſque præviã reductione, ſemper reſolvi in ſeries infinitas: ſed, yl; 
perplexz quantitates occurrunt, tentandæ funt omnimodæ reduCtiones x 
five fiat augendo, minuendo, multiphcando, vel dividendo quantitates in- 
definitas; * per methodum tranſmutatoriam Leibnitii; aut alio quocun- 
que modo, qui occurrat. Et tunc reſolutio in ſeries, per diviſidnem & ex- 
tractionem, opportune: adhibebitur. EY 


A 


Hic autem præcipue nitendum eſt, ut denominatores fractionum, & 
me compoſitas; & ad tales etiam, quæ in ſeriem abeunt citiſſimè conver. 


Nam, per regulam initio alterius epiſtolæ, es ve altiſſimarum radicum 
æquè ſimplex & facilis eſt, ac extractio radicis qua | raticz, vel diviſio: & ſe. 
ries, quæ per diviſionem eliciuntur, ſolent minimè omnium convergere. 
- Haftenus de ſeriebus unicam indefinitam quantitatem involventibus lo- 
eutus ſum. Sed poſſunt etiam, perſpeti methodo, ſeries ex duabus, vel 
pluribus, aſſignatis indefinitis quantitatibus pro arbitrio confici. Quinetiam 
beneficio ejuſdem method: galant ſeries ad omnes figuras efformari, Gre- 
gorianis, ad circulum & hyperbolam editis, affines:; hoc eff, quarum ulti- 
mus. ter minus exhibebit quæſitam aream. Sed calculum hic oneroſiorem 
nolim lubens ſubire. 33 HuD ith 1201 Pe 

Poſſunt denique ſeries ex. terminis compoſitis eadem. methods conſtitui, 


Quemadmodum, ſi fit V aa rf ordinatim applicata Curve alicujus ; 


pono aa —ax=22; & ex binomio 22 + extrafta radice, prodibit 2 + 
3 hy | #515 
24% Ga 
Jam, ante deſcriptum. Sed hæc minoris facio; quod ubi ſeries. ſimplices 
non ſunt ſatis tractabiles, aliam nondum communicatam methodum ha- 
beo, qua pro lubitu acceditur ad quæſitumn. x | 
Ejus fundamentum eſt commoda, expedita, generalis ſolutio hujns pro- 
blematis: Curvam geometricam diſci ibere, que per data quolcunque punct 
tranfibit (). = : 1 
Docuit Euclides deſcriptionem circuli per tria data puncta. Poteſt eti- 
am conica ſectio deſcribi per quinque data punQa 3 & Curva trium dimen- 
ſionum per ſeptem data punRa: adeo ut in poteſtate habeam deſcriptionem 
omnium Curvarum iſtius ordinis, quz per ſeptem tantum puncta determi- 
nantur. Hæc ſtatim geometrice finnt, nullo calculo interpoſito. Sed ſu- 


&c. Cujus ſeriei omnes termini quadrari poſſunt per theorems 


videatur, tamen res aliter {@ habet. Eſt enim ferè ex putcherrimis, que 


Seriei a D. Leibnitio pro quadraturi conicarum ſectionum propoſitæ, at- 
finia ſunt theoremata quzdan), quæ, pro comparatione Curvarum cum con- 
cis ſectionibus, in catalogum * dudum retuli. 
te) Vide Methodum Differentialem, Tom. I. p. 521-528. 


* Ex his J atet propotiones New toni de Quadraturà Curvarum dip ante annum 1676 inventas 
fuitle, . . 2 


Poſſum 


E IP I 8 T 0 . 1 C 0 . 


poſſum utiquè cum ſectionibus conicis geometrice comparare C arvas om- vue f 


ne: ene infinities infinitas) quarum ordinatim h ſünt 


ene | J —1 
"FF 2 PS VI h — &c. 
e T= g FE: 0 6 the. OO | 
4 Eu a | 
| GET | 7 t 
At 72 de-. 
ET Fg e+fe" +g2" 509415 
Aut of Ve f g, vel de- x Hr Toe" Kc. 
| | 2 3 | AE | 
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Hic 4, e, io: g HARP e datas quantitates, cum "lee fins” + 75 
affectas; 2, axem vel baſem Curve; &yn, 21, 1 — 1, 15 — 1 ) % — 1, 
indes poteſtatum vel dignitatum 2, ſive {int affirmativi vel negitir i, live 
integri vel fracti: & ſingula bina theoremata ſunt duo primi termini ſerie; 
in infnitum progredientis. In tertio & quarto, 4.7 debet eſſe non majus 
quam. ff, niſi e & g ſint contrarit ſignu Im ceteris nulla eft limitatio. 
Horunr aliqua (nempez fecun dunn, tertium, quartum, quintum, & deer 
mum tertium) ex arcis duarum conicarum ſectionum conjuncts, conſtant. 
Alia quædam (ut nonum, decimum, & duodecimum). ſunt aliter ſatis com- 
poſita. Et omnia quidem, in continuatione progreſſionum, Citò cvadunt 
compoſitiſſima; ; adeo-ut vix per tranſmutationem figurarum, quibus Jaco» 
bus Gregorius & alu uſi ſunt, abfque - ulteriori fundamento inveniri ain 
putem. o 
Ego quidem haud die quam generale i 1 \ his Mn porni, antcquam 

abſtraherem à contemplatione figurarum, & rem. totam ad fimplicem cons 
iiderationem ſolarum ordinatim applicatarum reducerem. Sed, tuin hac ; 
& hiſce generaliora, fint in poteſtate ; - non dubitabitur, credo, 4 binoimnig— 
libus longè facilioribus, quæ in his continentur; & prodeun t, ponendo lite— 
ram aliquam, e vel J vel g, 20 & n= vel 23 etſi ſeries, in onas iſta re- 
folvantur, non poſuerim in epittola priori, nedum fortè co: nputaverim ; ; 
mtentus, nom in omnia particularia enumeranda, ſed in illuſtrandam me- 
thodum per unam & alteram, in ſingulis rerum generibus, inſtantiam; que. 
ad oſtendendam Jus era raten tufficere vide batur. | 
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CO MM EMR CIU UM 
hanc. ſeriem ® 1 f f f &c. pro longitude qua- 
drantalis arciis, cujus chorda eſt unitas: vel, quod perinde eſt, hane 
7 75 8 + 177 = 755 &c. pro longitudine dimidit ejus. Et has forts, 
quia æquè ſimplices ſunt ac alteræ, & magis convergunt, non repudiabitis. 
Sed ego rem aliter æſtimo. IIlud enim melius quod utilius eſt, & pro- 
blema minor! labore ſolvit. Sic, quamvis hæc æquatio x x =1 appareat 


ſimplicior hicce, yy — 25 IE Vo Vo; tamen in confeſſo eſt. poſte- 
riorem revera fimpliciorem eſſe; propterea quod radicem ejus, y, geometra 
faciliùs eruit. 7 

Et ob hanc rationem ſeries pro obtinendis arcubus circuli, vel, quod eo- 
dem recidit, pro obtinendis ſectoribus conicarum ſectionum, pro optimis 
habeo, quæ componuntur ex poteſtatibus ſinuum. 


Nam ſiquis vellet per ſimplex computum hujus ſeriei 14 1-7-7 
& c. colligere longitudinem quadrantis ad viginti figurarum loca decimalia, 
opus eſſet 5 000 ooo ooo terminis ſeriei circiter; ad quorum calculum 
milleni anni requirerentur. Et res tardiùs obtineretur per tangentem 45 


graduum. Sed, adhibito ſinu recto 45 graduum, quinquaginta quinque 
vel ſexaginta termini hujus ſeriei, x ITA 168 + 5575 &c. ſufficerent: 


quorum computatio tribus, ut opinor, vel quatuor diebus abſolvi poſſet. 


Et tamen hic non eſt optimus modus computandi totam peripheriam. 
Nam ſeries ex ſinu recto 30 graduum, vel ſinu verſo 60 graduum conflata, 
multo citius dabit arcum ſuum; cujus ſextuplum, vel duodecuplum, eſt 
tota peripheria. Neque majori labore eruitur area totius circuli, ex ſeg- 


menta, cujus ſagitta eſt quadrans diametri. Ejus computi ſpecimen, ſiqui- 


dem ad manus eſt, viſum fuit apponere; & una adjungere aream hyper- 

bolz, quæ eodem calculo prodit. e ie er ee 
Poſito axe tranſverſo = 1, & ſinu verſo, ſeu ſegmenti ſagitta, = x; erit 
1 . on] | 1 3 il "Bb 3 

ſemi- ſegmentum perbolee i Dl in 2xTE- &c. Hæc autem 

* i circuli TOY | a r 28 2 78 £1 Fre 54 


. . "= . | 0 | I ax bx 30 
ſeries fic in infinitum producitur, fit 2x*= a; —=b; —=c; =# 


5 | 
ge; — ; &c. Et erit ſemi-ſegmentum 9. 2 — 
* d * I a | 45 ; 9 . x 6 2E 14-4 
3 Eorumque ſemi-ſumma = &c. & ſemi- 
F | Mn N 


. . b 4 . 0 | * b | 1 * 
differentia SS Se &c. His ita preparatis; ſuppono x == q, qua- 


2 . | n 
drantem nempe axis; & prodit a ({ = 3) 20.2558 {== CEE] 8 

x bx __0.03125, 1 zer 0.019831 . 
0.031253 % A = αι ) =0.001953125 3 d (= >=——7> 2 


0.000244140625. Et fic procedo, uſque dum venero ad terminum depreſ- 
ſunnmum, qui poteſt ingredi opus. Deinde hos terminos per 3, 5, 7» 9 * 


s 
* 


es 7 | 3 l E 1 2 + 1 ＋ &c, id 
e 
I 
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557 


&c. reſpectivè diviſos, diſpono in duas tabulas: ambiguos cum primo in vvneun 


unam ; & negativos in aliam & addo, ut hic vides, * 
0.0833333333333333 © 0.0002790178571429 
62 500000000000 34679066051 
271267361117 83446 5027 
5135169396 5 26285354 
144628917 961296 
4954581 38676 
190948 1667 
7903 7 75 
35 2 3 1 4 
16 0. 00028257 79389575 
FER 8 1 | | | 
0.089610988 5646618 ; 


Tunc à priori ſammà aufero poſteriorem; & reſtat 08932841662 570: 


area ſemi- ſegmenti hyperbolici. Addo etiam eas ſummas, & aggregatum 
aufero a primo termino duplicato, o. 1666666666666666; & reſtat 


0.0 67731061630 473 area ſemi-ſegmenti circularis. Huic addo- 


triangulum iſtud, quo completur in ſectorem, hoc eſt 2,3. ſeu 
o. 0 541265877365 274; & habeo Fcborem 60: graduum, 
0.1 3089969 38995747; cujus ſextuplum, o 78549816339 7448 2, eſt area 


totius circuli: quæ diviſa per 4, five quadrantem diametri, dat totam peri- 


pheriam 3-141 5926535897928. Si alias artes adhibuiſſem; potui, per eun- 


dem numerum terminorum ſeriei, perveniſſe ad multo plura loca figurarum, 


puta viginti quinque, aut amplius: ſed animus fuit hic oſtendere, quid, per 


timplex ſeriei computum, præſtari poſſet. Quod ſane haud difficile eſt; 
cum in omni opere multiplicatores ac diviſores, magna ex parte, non majores 
quam 11, & nunquam majores quam 41, adhibere opus ſit. 

Per ſeriem Leibnitii etiam, fi ultimo loco dimidium termini adjiciatur, 


& alia quædam ſimilia artificia adhibeantur, poteſt computum product ad: 


multas figuras. Ut & ponendo ſummam terminorum 1-27 T = 5575 + 55— 
75 1 7 Fr I &c. eſſe ad totam ſeriem 1 3 75 FT Fr + &c. ut 
t+,/2ad 2. Sed optimus ejus uſus videtur eſſe, quando vel conjungitur 
eum duabus alus perſimilibus, & citiſſimè convergentibus, ſeriebus; vel tola' 
adhibetur ad computandum arcum 30 graduum, poſità tangente i. Tunc: 


. oy » - o I * 1 1 
enim feries illa evadit 3} — — + — = 
3X3 $X9 7X27 gX81 


Vel, ſi eonjunges. cum aliis ſeriebus, pone circuli diametrum = 1, & 


&c. quæ cito convergit. 


, i 2 3 a gr og 
1 2 ; & axea totius circuli erit fumma. harum trium ſerierum * woody 


a gf a? * * as me 1 af 2 * 
r-. &, - T- ——— —+—+— &. ——— 2 — — 
8 F 0-6 . 7 1 1 3 5 * 
& C. | 


e at 3 ——— : - 13 hin inis) pri nam qua- 
pet hanc 1 — IT T4 +. -3T3—T+ &c. (conjunctis binis terminis) Primus 15 a - qua- 
ravit, Mercator hanc quadraturam aliter demonſtravit. Gregorius communicavit hand eriem 
1 | 1 | . ; , r | Ws I I i 

Pro eireulo 1 = +4—7 +3—7;75 &c. & Newtonus hand 1 3 ITT III + &Cc 
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Nx wN wi Hic conſideravimus ſeries, quatenus adhibentur ad computandum totum 
AD OLVEN-. eirculum. Sed quando computandæ ſunt partes ejus, tune quelibet ſeries 
habet proprium uſum, & in ſuo genere optima eſt. Si datur tangens ſatis 
| parva, vel ſatis magna; non recurrendum ent ad finum aliquem ut inde 
| | computetur arcus, neque 'Vice verſa, Series, dato congruens, eſt æquatio 
pro ſolvendo proprio problemate. | | 

Ne LXI, Credo Cl. Leibnitium, dum poſuit ſeriem pro determinatione coſinds ex 
arcu dato, vix animadvertiſſe ſeriem meam pro determinatione ſinùs verſi 

ex eodem arcu; ſiquidem hæc idem ſunt. | 
Neque obſervifle videtur morem meum generaliter uſurpandi literas, pro 
; : quantitatibus cum fignis ſuis, -+ & , affectis, dum dividit hanc ſeriem 


2 23 2+ 


1 575 A &c. Nam cùm area hyperbolica AD, hic ſignifi- 


cata per 2, fit affirmativa vel negativa, prout 
Jaceat ex una vel altera parte ordinatim appli- 
cate AC; ſi area illa in numeris data fit J, & / 


ſubſtituatur in ſerie pro 2, orietur vel _ 


1 

77 13 © a tl 1 

| 2ath | baab? Tp &c. vel 1 T 2abb baap + 
{4 0 A « 
2 X —_ &c ; prout / fit affirmativa vel negativa. 


o 


Hoc eſt poſito a =1=6, & / logarithmo hy- 
4 2 5 
perbolico; numerus, ei correſpondens, erit 1 + — + += + &c. ſi I ſit 


. [4 Hl 13 1+ . 5 | . 
affirmativus; & 1 ——+=—c 1 &c. ſi / fit negativus. Hoc modo fugio 
multiplicationem theorematum, que alias in nimiam molem creſcerent, 


Nam v. g. illud unicum theorema, quod ſupra poſui pro quadraturi Curva- 


rum, refolvendum eſſet in 32 theoremata, fi pro ſignorum varietate multi- 
plicaretur. | 


Preterea, quæ habet Vir Clariſſimus de inventione numeri, unitate ma- 


1 . f OT RY 173 
joris, per datum logarithmum hyper | rel — — 5 
Joris, per d 2 yperbolicum, ope ſeriei e 
l dle ain eve e e + =rnbenen 
F N 


nondum percipio. Nam ſi unus terminus adjiciatur amplius ad ſeriem poſ- 
teriorem, quam ad priorem, poſterior magis appropinquabit. Et certè mi- 
nor eſt labor, computare unam, vel duas primas figuras adjecti hujus ter- 
mini, quam dividere unitatem per numerum prodeuntem ex logarithmo 
hy perbolico, ad multa figurarum loca extenſum, ut inde habeatur numerus 


quæſitus unitate major. Utraque igitur ſeries, ſi duas dicere fas ſit, officio 
[ J 5 - | 2 
ſuo fungatur. Poteſt tamen — + ——-- — &c. ſeries, ex di- 
I NK NANA 


midia parte terrainorum conſtans, optimè adhiberi; ſiquidem hæc dabit 
ſemi- differentiam duorum numerorum, ex qui, & rectangulo dato, uterque 


; ll 14 
datur. Sic & ex ſerie 1 + -+— 


. &c. datur ſemi- ſumma numero- 


13 Man 


rum, indeque etiam numeri. Unde prodit relatio ſerterum inter ſe, qua, waatn 
ex una data, dabitur altera. | 5 a | $7 | | SHALE ' = POSTERIOZ2, 
— . 13 | # | N 0 | | 
. Theorema de inventione arcus ex dato coſinu, ponendo radium 1, co- 
ſimnum c, & arcum /6—4/24c+12, minus appropinquat, quam prima 
inn, 4 . | | 1 35 pen 

fronte videtur. Poſito quidem finu verſo v, error erit + Fo ILY 
teſt fieri ut 120 — 27 ad 120 17, ita chorda (V/2v) ad arcum ; & er- 

- + 2 a : 4. : £ 1 
ror erit tantùm = circiter ; qui ſemper minor eſt quam 51 minuta 


ſecunda, dum arcus non fit major quam 45 grad. Et ſingulis etiam bi- 


ſectionibus diminuitur 128 vicibus. 

1 4 3 a a 1-1 
Series 5 Ne TNT Nd &c. applicari poſſet ad 
computationem tabulæ ſegmentorum, ut obſervat Vir Clariſſimus. Sed 
res optimè abſolvitur per canonem ſinuum. Utpote, cognita quadrantis 
area, per continuam additionem nonæ partis ejus, habebis ſectores ad ſin- 
gulos decem gradus in ſemicirculo: deinde, per continuam additionem de- 
cimæ partis hujus, habebis ſectores ad gradus; & fic ad decimas partes 
graduum, & ultra, procedi poteſt. Tunc, radio exiſtente 1, ab unoquoque 
ſectore, & ejus complemento ad 180 gradus, aufer dimidium communis ſi- 
nds recti, & relinquentur ſegmenta in tabulam referenda. Cæterùm quam- 
vis ſeries hic non proſint, in aliis tamen locum obtinent. Et quoniam 
hoc ad earum uſum ſpectat, non gravabor in aliquibus attingere. 
Conſtructionem logarithmorum non aliunde peti debere, credetis forte Ne LXII. 
ex hoc ſimplici proceſſu, qui ab iſtis pendet. Per methodum ſupra tradi- 
tam quærantur logarithmi hyperbolici numerorum 10, 0.98, 0:99, r. O1, 

1. 2: id quod fit ſpatio uns & alterius horæ. Dein, diviſis logarithmis 
quatuor poſteriorum per logarithmum numeri 10, & addito indice 2, pro- 
dibunt veri logarithmi numerorum 89, 99, 190, 101, 102, in tabulam 
referendi. Hi per dena intervalla interpolandi ſunt; & exibunt logarithmi 
omnium numerorum inter 980 & 10-0: & omnibus inter 980 & 1000 ite- 
rum per dena intervalla interpolatis, habebitur tabula eatenus conſtructa. 
Tunc ex his colligendi erunt logarithmi omnium primorum numerorum, & 
eorum multiplicium, minorum quàm 100: ad quod nihil requiritur, præter 
additionem & ſubtractionem. Siquidem fit * — — = 36:0 A 8 
T1001 _ 1 988 3 "= h 


TW” Warn al 49” 


522 D. Et habitis fic logarithmis omnium nu— 
7 * 16 98. 87775 97 8 | | 
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go graduum ad angulum A: &, quoto dicto 2, tres vel quatuor termini 


CO MN GC I U NM 
Conſtructionis tabulæ ſinuum, à qui pendet tota res tr. 
e fundamentum optimum eſt continua additio 
dati anguli ad ſeipſum, vel ad alium datum. Utpote in an- 
gulo addendo BAE; inſcribantur HI, IK, KL, LM, MN, No, 
or, &c. æquales radio AB: & ad oppoſita latera demittantur 
perpendiculares, BE, H, IR, KS, LT, Mv, NX, OY, &c, Et 
angulorum HI, IRH, KLI, LMEk, &c. differentiz erunt an. 
gulus A; ſinus HQ, IR, ks, &c; & coſinus 19,, KR, Ls, &c. 
Detur jam aliquis eorum LMK, & cæteri fic eruentur. Ad 
s & My demitte perpendicula, Ta & x6; & (propter ſimi- 
0 —8 lia triangula ABE, TL, KMb, ALT, AMV, &c.) erit AB.BE:: 
"98 Soha f MV Es 

J TL.L4 ( —; — «KT (=E&M). 4 M6 (=———). Et 
AB. AE: : Kr. 8a (=== 4.2 TL. (==22). Unde 

dantur ſinus & coſinus xs, Mv, 8, LV. Et ſimul patet ratio 
continuandi progreſſiones. Nempe AB.2AE : : LV.TM Mx 
1: Mx. VN + NY &c. :: MV. TL + kN.: : XN. MV + oy &c, 
Vel AB 2BE : : Lv. xN — TL:: Mv. TM- Mx: : Mx. OY = Mv: 
F XN. vN - NY &c. Et retro, AB. 2 AE: : LS. K T ＋ RK &c. Pone 
ergo AB=1; & fac BEN TLS La; AEXKT=84; 84 — La r 

LV; 2AExLV—TM=Mx &c. Sed nodus eſt inventio ſinũs 
—— & coſintis anguli A. Et hic ſubveniunt feries noſtræ. Ut- 
— O pote cognita, ex ſuperioribus, quadrantalis arcis longitudine 
1.57079 &c; & ſimul quadrato ejus, 2.4694 &c; divide 
quadratum hoc per quadratum numeri exprimentis rationem 
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= Kc. dabunt coſinum iſtius anguli A. 
24 720 403 20 
Sic primo quæri poteſt angulus 5 graduum, & inde tabula computari ad 
quinos gradus; ac deinde interpolari ad gradus, vel dimidios gradus, per 
eandem methodum. Nam non convenit progredi per nimios faltus. Duæ 
tertiæ partes tabulæ, ſic computatæ, dant reliquam tertiam partem per ad- 
ditionem vel ſubtractionem, more noto. Siquidem poſito KT coſinu 60 
graduum; fit AE=sv, & BE= Mb, Tunc ad decimas & centeſimas partes 
graduum pergendum eſt per aliam methodum ; ſubſtitutis tamen prius lo- 
garithmis ſinuum inventorum, ſi ejus generis tabula deſideretur. 
Ad computum tabularum aſtronomicarum Kepleri; poſui fundamentum 
aliquod in alterà epiſtola. Ejus ſeriei tres primi termini, & aliquando duo, 
ſufficiunt. Sed ad diverſas partes ellipſeos diverſe ejuſmodi ſeries aptari de- 
bent. Vel potius tales ſeries. computandæ ſunt, que ex data area ſectoris 
elliptici BGE, immediate exhibeant aream ſectoris circuli, cujus angulus eſt 
BEG, radius CB, Et habitis hiſce, computum earum ad duos, tres, aut 
forte quatuor terminos, beneficio logarithmorum, haud gravius erit, quam 
{olita reſolutio tot triangulorum in aliis hypotheſibus: imo forte minus 


\ 


grave, fi ſeries prius debite concinnentur; ſiquidem unus n 
| tabul: 


3 2 * 2 
hujus ſeriei, 1 N 


e e 16a. TT 


tabula petitus, determinet omnes iſtos terminos, addendo ipſum, & ejus mul- zvnava 
tiplices, ad logarithmos datarum coefficientium in promptu habitos. ; 4 POSTERIOR. 
_ Que de hoc genere tabularum dicuntur, ad alias transferri poſſunt, ubi 

ratiocinia geometrica locum non obtinent. Sufficit autem per has ſeries 
computare triginta, vel viginti, aut fortè pauciores terminos tabulæ in de- 

bitis diſtantiis; ſiquidem termini intermedu facile interſeruntur per metho- 

dum quandam, quam in uſum calculatorum ferè hic deſeripſiſſem. Sed 

pergo ad alia. 

uz Cl. Leibnitius a me deſiderat explicanda, ex parte ſupra deſcripſi. yo LXIII. 


uod vero attinet ad inventionem terminorum p, q, 7, in extractione ra- 
dicis affectæ 5 primum, p; fic eruo. Deſeripto angulo recto BAC, latera ejus 
BA, CA divido in partes æquales; & inde normales erigo, diſtribuentes an- 
gulare ſpatium in æqualia parallelogramma vel quadrata; quæ concipio de- 
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nominata eſſe à dimenſionibus duarum indefinitarum ſpecierum, puta  & 
y, regulariter aſcendentium a termino A; prout vides in fig. 1. inſcriptas. 
Ubi y denotat radicem extrahendam ; & x alteram indefinitam quantitatem, 
ex cujus poteſtatibus ſeries conficienda eſt. Deinde, cum æquatio aliqua 
proponitur, parallelogramma, ſingulis ejus terminis correſpondentia, inſignio 
nota aliqua: & regula ad duo, vel forte plura, ex inſignitis parallelogrammis 
applicatà (quorum unum fit humillimum in columna finiftrajuxta AB, & 
alia ad regulam dextrorſum ſita, cæteraque omnia non contingentia regu- 
lam ſupra eam jaceant) ſeligo terminos æquationis per parallelogramma, 
contingentia regulam, deſignatos; & inde quæro quantitatem quotienti ad- 


dendam. | 


Sic ad extrahendam radicem y, ex y'— 5xy* + v. _ 70"x"y* + ba'x* + 


* S o; parallelogramma, hujus terminis ref pondentia, ſigno nota aliqua 
*; ut vides fig 2. Dein applico regulam, DE, ad inferiorem e locis ſigna- 
tis in ſiniſtrà column; eamque ab inferioribus ad ſuperiora dextrorſum 
gyrare facio, donec alium ſimiliter, vel forte plura, è reliquis ſignatis locis 
cœperit attingere. Videoque loca fic attacta eſſe *, xxyy K. E ter- 
minis itaque y* — 7aaxxyy + 6a*x* tanquam nihilo æqualibus (& inſuper ſi 
placet reductis ad v — 7VV +6 go, ponendo y=vvax) quæro valorem y, 
& invenio quadruplicem, +wax, —wax, +v2ax, & — x 2ax* quorum 
quemlibet pro primo termino quotientis accipere licet, prout & radicibus 
quampiam extrahere decretum eſt. 
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valores y ſolent prodire, dividendo terminum involventem infimam poteſta- 


N LXIiV. 


neas rectas, fieri per hanc extractionem radicis affectæ. Sed duo alii ſunt 


Sic * æquatio + axy Ta = ν 2 D o, quam reſolvebam in priori 


ſubſtituo a ＋ =y. (Obvenient hic aliquando difficultates nonnullæ; 


Proponatur æquatio ad aream hyperbole z * Ax TI TH +33" &c. 


; . | . . * | 
poſſunt. Quemadmodum f1 poſito r radio circuli, x finu recto arcits 


recto ad tangentem vellem transferre: quæro longitudinem tangentis 


2, & fit z FP TTF +&c. Aufero f?, & reſtat 2 -f TF1 


epiſtola, dat — 2a'+agy o; & inde y a proxime. Cùm itaque a 
fit pritrnus terminus valoris y, pono p pro cæteris omnibus in infinitum, & 


{ed ex 11s, credo, D. Leibnitius fe proprio marte extricabit.) Subſequen- 
tes vero termini, 4, 7,'s, &c. eodem modo ex æquationibus ſecundis, tertiis, 
c:xteriſque eruuntur, quo primus þe prima; ſed curi leviort; quia c#teri 


tem indefinite quantitatis, x, per coefficientem radicis p, 9, 7 aut s. 
Tatellexti-credo, ex ſuperioribus, regreſſionem, ab areis Curvarum ad li- 


modo, quibus 1dem perficio. | | 7 * 
' Eorum unus affinis eſt computationibus, quibus colligebam approxima- 
tiones ſub finem alterius epiſtolæ, & intelligi poteſt per hoc exemplum, 


Et partibus ejus multiplicatis in ſe, emerget z* =x* + x* TH +4x* &e. 
2 =a*+3x*+7.x* &c. 2*=4x* +2x* &c. &, Jam de 2 aufero 
12*, & reſtat 2—IJ}2* =x—3x*—Z#x*—3x* &. Huic addo 2 2*, & fit 
* — 22 +7 TK Te &c. Aufero TIX & reſtat 2 — 32* + 
22 Lo = Her &c. Addo 5552), & fit 2-22 +32! — 43 + 
1252 = x quamproxime ; five x =2 =*2* +12%- 552* Te &. 

Eodem modo ſeries de una indefinità quantitate in aliam transferri 


* * Sy : es. $0 A | 
S, & 1 + &c. longitudine arcũs iſtius; hanc ſeriem a ſinu 


rx 


. SY - . | ax x* F 4 
| „& reduco in infinitam ſeriem x += = &c. Vocetur hæc quan- 
Vrr —xx | arr 8 * 4 | 


| 5 | | 
titas 7. Colligo poteſtates ejus; i = * 4. — &c; i' ＋&c. Aufero 


| 3 5 
autem 7 de x; &, ponendo 1 pro r, reſtat 2 =—-== = &c. Addo 
| - 10 | ; 


== © quamproxime. Quare eſt x . — &c. Sed ſiquis in uſus 
trigonometricos me juſſiſſet exhibere expreſſionem arcùs per tangentem; 
eam, non hoc circuitu, ſed directà methodo quæſiviſſem. 

Per hoc genus computi colliguntur etiam ſeries, ex duabus, vel pluribus, 
indefinitis quantitatibus conſtantes; & radices affectarum æquationum 
magud ex parte extrahuntur. Sed ad hunc poſteriorem uſum adlibeo po- 
tius methodum in altera epiſtola deſcriptam, tanquam generaliorem, &, re- 


gulis 


* Hanc Reſolutionem, vid. Nꝰ VII. ä | 
+ Id eſt, Una methoges conſiſt it in extraftione fluentis quantitatis ex æquatione ſimul involvente Aluxia- | 
nem ous : altera tantum in afſſumptione ſeriei, pro quantitate qualibet incognitd, ex qud cetera commode deri- 
vari poſſunt, W in collatione terminorum homologorum aquationis reſultantis, ad eruendos terminos aſſumpte 
ſcrici, Analyſin inverſam, per fluentes & earum momenta, in æquationibus tam infinitis quam fi- 


nitis, Newtonus in his epiſtolis ad regulas quatuor reduxit. Per primam extrahitur fluens ex bi- 
| nomiis, 


> 
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gulis pro eliſione eee f terminorum habitis, F ige expe- BURGUM 
ditame 1 * - POSTER 1OR« 


Pro regreſſione verd — areis ad lineas refts & ſimilibus pofſunt hu- 
juſmodi theoremata adhiberi. 


Theorema 1. Sit 2 ay+byy +cy* + dy* + ep? &c. Et vicim erit y= 


3 $7 — — 5 25 — $2 — 2. . 2 14bbe + baabd + 146% —& | 
aw as oh angry ch * 4 : c. 


Exempli ig Proponatur equatlo ad aream x hyperbola, = 2 =p —= £4 


EYE ft &c. Et ſubſtitutis 3 m regula 1 pro a, 4 prob, * proc, == 
3 


10 1 & 1 fre 4 viciſſim exurgit, y=2 +722 +7 2 Kare +&c. 


LIL * 7 NT 24 Babc — _— 8 2 NY ee toaabd + Gaacc— of e of &c. 
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bear. _ Proponatur æquatio ad arcum 5 f 


11 


DA — &c. Et ſubſtitutis in regula 1 Pro a, — — Pro 5, _— = Pro . = ; pro d, 


os 


z” 27 
6; orietur = +——,— get &c. 


Alterum modum regrediendi FN areis ad lineas reQas celare ſtatui. 

Ubi dixi, omnia pene problemata ſolubilia exiſtere; volui de 1is præſer- 
tim intelligi, circa quæ Mathematici fe hactenus occuparunt, vel ſaltem in. 

uibus ratiocinia mathematica locum aliquem obtinere poſſunt. Nam alia: 
. adeo perplexis conditionibus implicata, excogitare liceat, ut non ſatis. 
comprehendere valeamus; & multo minus tantarum computationum onus. 
ſuſtinere, quod iſta requirerent. 5 

Attamen, ne nimium dixiſſe videar, inverſa de tangentibus ma. 
ſunt in poteſtate; aliaque illis difficiliora. Ad que ſolvenda uſus ſum du- 
plici methodo; und concinniori, alterà generaliori. Utramque viſum eſt. 
impræſentia literis tranſpoſitis conſignare; ne, propter alios idem obtinentes, . 

inſtitutum in aliquibus mutare cogerer. + 5accde@1toeff Þ1214/3mionboggr 
9511710vV3x: 11ab3cddioragn oillamynbo gpgabr n 1t7ox, 3acegeghb:al4s 
myndog r 3 /t av, aaddæeeeeeiiimmnnooprrrasssgttuu. 

Inverſum hoc problema de tangentibus, quando tangens inter punctum: 
contatts & axem figuræ eſt datæ longitudinis, non indiget his methodis. 
Eſt tamen Curva illa mechanica, de determinatio pendet ab area * 
perbolæ. 

Ejuſdem generis eſt etiam problema, quando pars axis, inter tangentem 
& ordinatim applicatam, datur longitudine. i 


nomtis, adeoque ex æquationibus quibuſcunque non affectis, in ſerie infinitA; & momentum fluentis- 
ſimul prodit, quo evaneſcente, ſeries in æquationem finitam redit. Per ſecundam, extrahitur fluens 
ex æquationibus affectis fluxionem non involventibus. Per tertiam, extrahitur fluens ex æquatia- 
nibus affectis fluxionem ſimul involventibus. Per quartam, eruitur fluens ex conditionibus proble- 
matis. Regulæ duæ primæ in principio epiſtolæ ſuperioris, duæ ultima in fine hujus ponuntur. 
Harun regularum Newtonum eſſe inventorem prima, nemo dubitat. 


Sed 
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Sed hos caſus vix numeraverim inter ludos naturæ. Nam quando in 


triangulo rectangulo, quod ab 111a axis parte, & tangente, ac ordinatim ay. 


plicata conſtituitur, relatio duorum quorumlibet laterum, per æquationem 
quamlibet, definitur; problema ſolvi poteſt abſque mea methodo general; : 
{4 ubi pars axis, ad punctum aliquod poſitione datum terminata, ingreditur 
vinculum; tunc res aliter ſe habere ſolet. PE Bog 
Communicatio reſolutionis affectarum æquationum, per methodum Leib- 
nitii, pergrata erit; juxta & explicatio quomodo fe gerat, ubi indices po- 
teſtatum ſunt fractiones; ut in hac æquatione: 20 +a? 1 Nr So, aut 


ſurdæ * quantitates; ut in hc, xv2 + * 7 = y: ubiy/2 & V non de- 


ſignant coefficientes ipſius x, ſed indices poteſtatum, ſeu dignitatum ejus; 
& Iz indicem dignitatis binomii xY* +x»7, Res, eredo, met methodo 
patet ; aliter deſcripſiſſem. 


Sed meta tandem prolixz huic epiſtolæ ponenda eſt. Literæ ſane ex- 
cellentiſſimi Leibnitii valdè _ erant, quibus fuſius hoc reſponſum da- 
rem. Et volui hic vice copiotior eſſe, quia credidi amceniora tua negotia, 


ſeveriori hoc ſcribendi genere, non debere a me crebro interpellari, _ 


Excerpta ex epiflold D. Collins ad D. Newtonum, Londini, 5 
Martii 1677 datd. Integra autem extat impreſa in tomo ter- 
tio Operum D. Wallifii pag. 646, @&c. 


Clariſime Vir, 


Aderat hic D. Leibnitius per unam ſeptimanam, in menſe Octobris; in 
reditu ſuo ad ducem Hanoveræ; cujus literis revocatus erat, in ordine ad 
quandam promotionem. 


Dixit Leibnitius, ſe poſſe & velle conſilia impertire, pro obtinendis ſe- 


riebus, abſque ſpecioſd extractione radicum æquationum affectarum; modò 


quis velit laborem illum obire. 


Et conſequenter ad hoc, poſtquam ego D. Bakerum ipſi nominaveram, 


literis ejus ad D. Oldenburgium, datis Amſtelodami, 21 Novemb. 1676, 


hæc ſcribit. 

D. Collinio hæc quæſo communica. Dixit ille mihi D. Bakerum, 
doctum admodum & induſtrium apud vos analyticum, utilibus confilus 
exequendis parem eſſe. Elegi ego unum pre reliquis utile & facile. 
Nimirum, methodus tangentium, à Sluſio publicata, nondum rei faſtigi- 
um tenet. Poteſt aliquid amplius præſtari in eo genere; quod maximi 
foret uſůs ad omnis generis problemata: etiam ad meam (fine extractio- 
nibus) æquationum ad ſeries reductionem. Nimirum, poſſet brevis quæ- 
dam calculari circa tangentes tabula, eouſque continuanda, donec pro- 


greſſio tabulæ apparet ; ut eam ſeilicet quiſque, quouſque libuerit, ſine 
calculo continuare poſſit. 


N 


6 
+ 
% 


6 a; A 6 


* Surdos indices D. Leibnitius in epiſtolà ſequente mutavit in fluentes ; & inde natus eſt calcu - 


lus exponeutialis. 
« Amſtelodam1 


JJ y UM 

« Amftelodami cum Huddenio locutus ſum; cui negotia civilia tempus 
« omne eripiunt. Eft enim ex numero duodecem urbis Conſulum, qui 
« ſubinde imperium obtinent: nuper Conſul regens erat; nunc Theſaurarii 
munus exercet. Præclara admodum in eftis hes ſupereſſe, certum eſt. 
« Methodus tangentium, a Slufio publicata, dudum illi fuit nota. Amplior 
« ejus methodus eſt, quam quæ à Sluſio fuit publicata. Sed & quadratura 
« hyperbole Mercatoris ipſi, jam anno 1662, innotuit. Hactenus Leib- 
4 nitius. 5 | 


P. S. Exemplar epiſtolæ tuæ, quatuor ſchedarum, nondum eſt ad D. 


Leibnitium miſſum: ſed, intra ſeptimanam, eſt quidam hinc profecturus 
Hanoveram, qui tum illud, tum libros quoſdam laturus eſt. = 
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Epiſtola D. Leibnitu ad D. Oldenburgum, 21 Junii 1677, data cv D. No LXVI. 


Newtono communicanda. Cujus extat & autographum, & exemplar manu 
D. Collins de/criptum. 


Ampliſſime Domine, 


Accepi literas tuas diu expeCtatas, cum incluſis Newtonianis ſane pul- 
cherrimis ;. quas plus ſemel legam cum curi & meditatione; quibus certè 
non minus Ko ſunt, quam indigent. Nunc pauca, quz feſtinante oculo 
obeunti incidere, è veſtigio annotabo. DE V 

Egregie placet, quod deſcripfit, qua via in nonnulla ſua elegantia ſane 
theoremata inciderit. Et quæ de Walliſianis interpolationibus habet, vel 
ideo placent, quia hic ratione obtinetur harum interpolationum demonſtra- 
tio; cum res ea antea (quod ſciam) ſola inductione niteretur ; tametſi pars 
eorum per tangentes fit demonſtrata. 5 POP 

Clariffimi Slufii methodum tangentium nondum eſſe abſolutam, celeber- 
imo Newtono aſſentior. Et jam à multo tempore + rem tangentium lon- 


ge generaliùs tractavi; ſcilicet per differentias ordinatarum. Nempe 113 


intervallum tangentis ab ordinata in axe ſumptum, 
eſt ad 1810 ordinatam; ut 1cD, differentia duarum ab- 
ſciſſarum A1B, A2B, ad pzc, differentiam duarum or- 
dinatarum 1B1C, 2320. Nec refert, quem angulum 
faciunt ordinate ad axem. Unde patet, nihil aliud 


7D 


dinatarum, poſitis differentiis abſciſſarum (jeu 1B2B= 
1C cp) fi placet zqualibus. Hinc nominando ] in poſ- 

28.— Nc terum dy differentiam duarum proximarum,y (nempe 
AIB & A2B); & dx, ſeu D2C, differentiam duarum 
proximarum x (prioris 1310, poſterioris 2820); patet 


dy eſſe 2ydy ; & dy* eſſe 3j dy, &c. & ita porro. Nam ſint duæ proximæ 


7 Idem fecit D. Barrow in ejus Lect. 10, anno 1669 impreſſa, idque calculo conſimili. Bo 
| Cepit igitur D. Leibnitius, hoc ipſo tempore, methodum differentialem cum amicis ſeripto 
communicare ; lectis priùs, quæ Newtonus de hac methodo in duabus epiſtolis ſcripſerat; lectis 


fortean & aliis Newtonianis, ſub finem anni 1676, ubi domum per Londinum redibat ; quo tem- 


Pore hrælectiones Barrovii ſecum tulit. 


ſibi 


eſſe invenire tangentes, quàm invenire differentias or- 


A 
© 3b 
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COM MER CI U M | 
ri (id eſt, differentiam habentes infinitè parvam) 
N * ſcilicet AIB ; & A2B=y dy. Quoniam poni- 
mus. dy* eſſe differentiam quadratorum àb his duabys 
rectis, æquatio er it dy* — a + 2ydy + dydy — *. 4 Seu 
4 omiſſis y —y*, que ſe deſtruunt ; item omiſſo qua- 
| drato quantitatis infinite parvæ, ob rationes ex me- 
 thodode Maximis & Minimis notas; erit dy* = dy. 
ie *Idemque eſt de cæteris potentiis. Hine etiam ha- 
E ben * differentiæ quantitatum, ex diverſis inde- 
| finitis in ſe invicem ductis factarum: ut dyx erit = 
| . ydæ dy; & dy's = 2xydy + y dx. Hine fi quatio 
a +by+cx+dyx e D + bys* & c. = 0; ſtatim habetur tangens 
. Curve, ad quam eſt iſta æquatio. Nam ponendo AB , & A2B = vrch 
(ſcilicet, quia 1525 ſeu 10 = dy) itemque ponendo 1B1C= x, & 
282c=—=x+dx (ſcilicet quia 20D r dx): et, quia eadem æquatio exprimit 
quoque relationem inter A2B & 2B2C, quæ eam exprimebat inter ALB & 
131C; 4 tunc in æquatione illà pro y & & ſubſtituendo y + dy, & x + dy, 
fiet | 1 
. a+by Ter T T +fs* +gy's +byx* Ke. 
 bdy+cdx--djdr + 2e9dy + 2fxdx+2gxydy aid Kc. 


I 


2 d-? d. +hxdy Ke. „ 
25 | +ddxdy+edydy+fdxdz+gxdydy dq 
d eſt quantitas communi more. + 2 gydydy + 2 hædædy &c. | | 
d eſt nota differentiæ. | ＋ dxdydy + hbdydxdx &c. 


Ubi, abjectis illis quæ ſunt ſupra primam lineam, quippe nihilo æquali- 
bus per æquationem præcedentem; & abjectis illis quæ ſunt infra ſecun- 
cam, quia in illis due infinite parvæ in ſe invicem ducuntur; hinc reſtabit 
tantùm æquatio hæc, dy + cdx + dydx dxdy = 0; quicquid ſcilicet reperi- 
tur inter lineam primam & ſecundam. Et, mutata æquatione in rationem 


„ 4/2 &c. 21. > 
ſeu analogiam, fiet = ==5—- . eſt (quia — # ſeu 
— tB2B, ſeu - iC P TIB „ c+dy &, TIB | 


e 7 erit = -73F Quod coincidit cum 
regula Sluſianà; oſtenditque eam ſtatim occurrere hanc methodum intel- 
ligenti. „„ 

Sed methodus ipſa (priore) noſtra longe eſt amplior. Non tantum enim 
exhiberi poteſt, cum plures ſunt literæ indeterminate quam y & x (quod 
ſæpe fit maximo cum fructu); fed & tunc utilis eſt, cum interveniunt ir- 
rationales; quippe quæ eam nullo morantur modo: neque ullo modo ne- 


ceſſe eſt Irrationales tolli, quod in methodo Sluſii neceſſe eſt, & calculi dif- 
ficultatem in immenſum auget. 


* Id eft, fi ſecundus terminus binomii fit differentia primi termini; ſecundus terminus poten- 
tiæ binamii erit differentia potentiæ. Hoc eſt fundamentum method differentialis a Leibnitio 
jam poſitum. Et hoc idem fundamentum methodi ſuæ Newtonus anno 1669 poſuerat in analyſi 

ſupra impreſſa, N” XII. Perſimilibus calculis, Newtonus momenta, & Leibnitius differentias col- 
legerunt; & diſcrepant folum in retum nominibus. 1 55 
Quod 


FP IS TO K. QC UM. : 5 


Quod ut appareat, tantam utile erit in irrationalitatibus ſimplicioribus | 
rem explanare. Et primum fit in ſimplioiſſimis generaliter. Si fit aliqua 


potentia aut radix æ*; erit dæ N dx. 


Si 2 fit 4, ſeu fi x ſit Arx, erit de-, ſeu hoc loco d= = idr fea 

24 ut notum, aut facile demonſtrabile. ee 
Sit jam binomium; ut : y +cy* &: quæritur d / :a +by +cy* &c. 
Jeu dx®, poſito x, &a+by+cy* &c. x. Eſt autem dx=bdy + 2cydy 
&c. Ergo dx*, ſeu "= 299% Fadem methodus adhiberi po- 
* e eee 1 TS 
teſt, etſi radices in radicibus implicentur, Hinc ſi detur æquatio valdè in- 
„ | . — — —— 4 2 —— 17 - 
cricata, ut a+bxV)y +b/*:1+y+higVy TVN y So, ad aliquam 
Curvam cujus abſciſſa fit y (AB) ordinata x (Bc); tunic æquatio proveniens 
utilis ad inveniendam tangentem Tc, ſtatim fine calculo ſcribi poterit; & 
2 —— 1. ˙— BT | Zak 
erit hæc dN + ITE «a) dy + — In 

| 1 YT | TY n ; e Jer * 
. „ WITT 6 * — —— 7 

*q | Va I — — — — 0 . 22. 

Ir dy + 2 & XV y we + owes 2ydy ps 3 IP: go 

o. Seu, mutando quotientem hanc inventam in analogiam, erit — dy 
ad dx, ſeu T1B ad 1B1C, ut omnes provenientis æquationis termini, per ds 
multiplicati, ad omnes ejuſdem terminos per dy multiplicatos. 
Ubi ſane mirum & maxime commodum evenit, quod dy & dx ſemper ex- 
tant extra vinculum irrationale. Methodo autem Sluſianà omnes ordine ir- 
rationales tollendas eſſe, nemo non videt. 1 . 
Arbitror, quæ celare voluit Newtonus de tangentibus ducendis, ab his 
non abludere. Quod addit, ex hoc eodem fundamento quadraturas quo- 
que reddi faciliores, me in ſententià hac confirmat. Nimirum ſemper figu- 
re illæ ſunt quadrabiles, quæ ſunt ad æquationem differentialem. Aqua- 
tionem differentialem voco talem, qua valor ipſius dx exprimitur, quæque 
ex alia derivata eſt, qua valor ipſius x exprimebatur. Exempli gratia : fit 


; f s b +c 4. 21e , &c. X By | ; 
AB Sy. EB & ponatur — — Quæritur quadra- 


n 1 
9 


2V/1+bh+49* c ec. 
tura figuræ ABE A; quanquam forte ſpe tale triline- 
Fil um non fit proditurum, quale hoc ſchemate depinxi- 
n mus. Deſcribatur alia Curva ac, talis ut pc [que] ] 
1 9 fit YI TE TT TZ +Zey* &c. [ipſius ordina- 
| tam ſignificet ; & rectangulum ſub rectà av, repræ- 
ſentante unitatem conſtructionis, & ſub ordinata 
nova Bc, æquabitur figure ABEA. Ejuſmodi theo- 
* remata condi poſſunt infinita : imo pleraque ſub ge- 
+ Calculus etiam, in his exemplis allatus, à calculo Newtoniano in ſolis notarum formulis dif- 
fert; ſed notis minis aptis obſcurior redditur. | 
t Characteres methodi Newtoni Leibnitius hic enumerat ; & gaudet, ſe in methodum incidiſſe, cui 
characteres hi omnes competunt. Fatetur etiam Newtonum, intellexiſſe facilem quadraturam figu- 


rarum, quæ ſunt ad æquationem differentialem. Vel doceat, methodum aliam in rerum natura ex- 
tare, cui charactzres hi omnes competunt, vel deſinat negare, ſe in methodum Ne toni incidiſſe. 


Vor. IV. 40 neraliſſimis 


A BEER — B 


ut, ex multis ſeriebus infinitis, poſſimus deligere maximè naturales; * 


| COMMERCTIU M 

neraliſſimis quibuſdam comple&i. Licet nihil refert, ſive ſeries hx produ- 
cantur, ſive ubilibet fimiantur. Unde patet hanc unicam regulam pro infi- 
nitis figuris quadrandis inſervire, diverſæ plane naturæ ab ns, quæ hactenus 
quadrari ſoleb ant. eee ee 1 e 

Pulcherrimæ ſunt illæ ſeries Newtonianæ, que ex infinitis in fivitas de- 
generant; qualis illa eſt, quam exhibet pro extractione radicum binomii, 
aut ejus quadraturi, Quod ſi in ipſius generali illi æquationis affectæ in- 
definitæ extractione, cum fit x = ay +6y* + cy* &c. & y fit = I &c. vel 

. > 5 , 1 dogs Lobos LS, 23 

y 1 Sf ct &c : idem præſtari poſſet ; ut ſcilicet, inter extrahendum ra- 
dices ex æquationibus aut binomiis, invenire liceret radices rationales fini- 


h . 14 


tas, quando ez inſunt, vel etiam irrationales: tunc dicerem, methodum ſe- 


nerum infinitarum ad ſummam perfectionem eſſe perductam. ES 
Opus effet tamen preterea, diſcerni poſſe varias æquationĩs ejuſmodi ra- 


dices: item neceſſe eſſet, ope ſerierum, diſcerui æquationes poſſibiles ab 


impoſſibilibus.  Quod ſi hæc nobis obtinuerit vir in his ſtudiis maximus, 
atque effecerit feilicet, ut poſſimus ſeriem infinitam convertere in finitam, 
quando id fieri poteſt, aut ſaltem agnoſcere ex quinam finita fit deducta: 
tunc in methodo ſerierum infinitarum, quæ diviſione & extractione inveni- 
untun, vix quicquam amplius optandum reſtabit. Hæc, fi quiſquam mor- 
talium, certè Newtonus præſtare poterit. Eadem credo oper efficietur, 


haud dubiè illæ erunt, quæ ita erunt comparatæ, ut, cum fieri poteſt, at- 
que opus eſt, degenerent in finitas. Atque ita egregiè apparebit, methodum 


extractionum per ſeries infinitas minimè indirectam, fed maximè natura- 


lem efle. 1 e e e 
Problema eſt perelegans, cujus meminit, Curvam deſcribere, quæ per data 
n tranſeat puncta. Huddenius mihi Amſtelodami dixit, poſſe ſe 
-urvam deſcribere analyticam, ſeu certd æquatione uniformi conſtantem, 


quæ facici hominis cujuſdam noti lineamenta deſignet. 


F Czterum quærendum eſt, an hoc Newtonus in- 
—— Ä . ” hat * * » 

telligat de punctis infinitis; ut ſi fit axis AIB2A2B3A 

&c. in infinitum productus; & duz Curve datæ in- 
finitæ analyticæ, una Al czcg3e &c. altera A2D3D 
&c; ſi ponamus A IB, 132A, 2A 23, 233A, &c. in- 
ter ſe & datæ cuidam quantitati F æquales: quæri- 
tur, an dart poſſit Curva analytica, ſeu æquationis 


— 3 capax, quæ, in infinitum producta, tranſeat (alternis) 
35 Fe] per puncta 10, 2D, 2C, 3D, ze, &e. Fermatius ali- 
* cubi ſcribit, ſe methodum habere, per quam Curva 

ED 


inveniri poſſit, cujus proprietas ſpecifica data non 
pertineat 


* Vid pag» $19, lin, 36, & Pag. 522, lin. 14. & ſeq.. | 

I Dixerat Newtonus, analyſin, beneficio æquationum infinitarum, ad omnia pene problemata 

ſeſe extendere (pag. 530, lin. 24.) Reſpondit Leibnitius, multa eſſe problemata uſque adeo 

mira & implexa, ut neque ab æquatiouibus pendeant, neque a quadraturis; qualia ſunt problemata 

methodi tangentium inverſz, &c. pag. 538, 539. Reſcripſit New tonus, inver/a de- tangentibus pro- 

Aleuala (e in poteſtate, aliaque illis dificilliora; ad: que ſolvinda ſe uſum-eſſe duplici methedo, ce. Page. 
4 | 
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pertineat ad unum punctum, ut vulgo fit; cùm ordinates referuntur ad 


partes axis; ſed 1 duo Ade funul, vel etiam ad ria quelibet ſimul, 
&c. 


* Qu de variis 0 fun & noſtris examinandis, atque inter ſe com- 


parandis, dicit Clariſſimus Newtonus ; in ea me immergere non audeo, au- 
tequam in gratiam cum analyſi rediero: : nam harum rerum veſtigia in ani- 
mo meo prope non obliterata ſunt. Agnoſoo 1 interim, pulcherrima & utt- 
liſſima ab eo annotari. Elegantiſſima & minime expectata eſt via, qua ſe- 
riem meam rf -f + * 7 &c. deduxit ex ſull. 

Quod ait, problemata methodi tangentium inverſæ, eſſe in Ppoteſtate; 
hoc Str ab eo intelligi per ſeries ſcilicet infinitas. + Sed a me ita defi- 
derantur, ut Curve exhibeantur geometrice quatenus 1d fieri poteſt, ſuppo- 
fitis (minimum) quadraturis. Exempli cauſa; Cyeloidem deprehendit 
Hugenius ſui ipfius evolutione deſcribi: difficile autem fuiſſet, credo, ſol- 
vere hoc problema, invenire Curvam, quiz ſui ipſius evolutione deſcribitur. 
Neque refert, quod curvæ deſcriptio quadraturam circuli ſupponit: et hoc 
problema etiam ex eorum eſt numero, quæ voco methodi tangentium in- 
verſæ. Ita inter methodos tangentium inverſas generales eſt, invenire Cur- 
vam analyticam, cujus longitudines ſint areis datæ figuræ, curvk' analytica 
comprehenſz, proportionales. Contrarium enim dudum poſſumus. Quod 
problema. arbitror non efle inſolubile, & videtur non contemnendum': fa- 
cilius enim eſt lineam, quam ſpatium, organice metiri, Et, redu&ta' ſpatio- 
rum dimenſione ad dimenſionem hnearum, ſolis filis in rectum extenſis 


 mechanica fieri poterit conſtructio; & ſpatia poterunt in data ratione ſecari, 
anftar linearum rectaru m. a 


-Cum ait Newtonus, inveſtigationem Curve, quando tangens, vel inter Ne LXV IH. 


vallum tangentis & ordinate 1 in axe ſumptum, eſt rea oonſtans, non in- 
digere his methodis: innuit credo, ſe intelligere methodum tangentium in- 
verſam generalem in poteſtate eſſe, per methodos ſerierum appropinquati- 
vas; in hoc vero caſu ſpeciali non opus eſſe ſeriebus. Ego vero metho- 


dum quærebam, que accurate Curvam quæſitam exhibeat, ſaltem ex ſuppo- 


ſitis quadraturis; & cujus ope ejus æquationem, ſi quam habet, aut aliam 
primariam proprietatem poſſumus invenire. 


Quod ait, problemata, in quibus datur relatio inter duo Heben wianun 
DBC, ſemper poſſe folvi: id verum eſt; at ex 8. meis Modus artibus flutt ; - 


ac 


557. Leibnitius gero, ne quid à Newtono jam didiciſſe videretur, regerit ſolutionem à Newtono 
intelligi per ſeries infinitas ; : ſed aſe itadeſiderati, ut Curve exhibeantur geometricæ, guatenus 4d fieri poteſt, 
In priore epiſtola negaverat analyſin Newtonianam, per æquationes infinitas, ad hzc problemata 
extendi. Jam negat ſe negaſſe; & verbis prioribus nubem obducit, quaſi inverſum illud proble- 
ma ſuo ſenſu nan ſolveretur, niſi Curvæ exhibeantur geometricè quatenus id fievi poteſt, & Curva, 
quz ſui ipſius evolutiane deſcribitur, inveniri poſſit per eandem ſolutionem. 

Hoc non dixit Newtonus, ſed perſpicuè dixit problema in hoc caſu non indigere methodis 
duabus generalibus, quas literis tranſpoſitis celaverat. Vide pag. 557. 7} 

$ Per artes ſuas intelligit methodum differentialem ; ut patet ex calculis, cats ſubjuogit. Ubi 
epiſtolam pr lorem ſcribebat, — de Curvà inveniendâ, in qua intervallum tangentis & ne 
4 C 2 na N. 
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sas ſepe, ne quadraturis quidem aecitis, ſimplici analy- 
tic æquatione præſtari poteſt.. Ut, ſi Be poſitd x, ſit 
DB==by +cx*+ dx';, queritur, quahſnam fit hæc Curva, 
quæ hanc tangentium habeat proprietatem © id eſt, quæ- 
nam fit æquatio relationem exprimens inter AB ſeu y, & 
5 zue ſewn. Aio eam fore y =bx+$ca* + fdr. Si fuiſſet 
D A +bx +cx*,, opus fuiſſet quadraturà hyperbolæ ad inveniendam Cur- 
vam quæſitam. Generaliter autem quomodocunque datur relatio inter duo- 
ex lateribus: trianguli : (quod ego Characteriſtioum, ob- crebros uſus, vocare 
| ſoleo) ſemper, ſuppoſitis quadraturis figurarum analyticarum, . haberi po- 
| teſt Curva quæſita. Quod tamen neſcio,.an præter Newtonum præſtiturus 
Med methodo, res unius hneole calculo peragitur, ac demonſtratur. Sed 
| | | & rem infinitis caſibus præſtare poſſum, tametſi ipſa y, ſeu AB, ingrediatur 
| wm ipſius pn expreſſionem. Ut, fi fit Ds = by +cx* $dx* +, fiet æquatio- 
| Curve yx=bx +3 cx +3 dx*'. [| Forte legendum, DB: A +dx* =, iet 
equatio Curve,. yx = bx ＋ Fx ++ dx. Itaque fi habeatur valor ipſius 
DA, ex BC haberi poterit Curva. e Brag 


| Quod verò ait Ch, Newtonus *, non æquè rem procedere, ſi detur relatio 

ipſius Dx ad partem axis, ſeu ad AB vel y, ad hoc reſpondeo; mihi æquè 
facile eſſe, invenire Curvæ naturam vel æquationem, ſi detur relatio ipſius 

pz ad AB; quam fi, ut ipſe requirit, detur relatio ad. 3e. Generalem vero: 
| methodum tangentium inverſam nondum, quod ſciam, habemus. 

N LXIX. unt & alia problematum genera, quæ hactenus in poteſtate non habeo; 

| quorum ecce exempla. Sint duæ æquationes x/ +y*==xy, & * - +7. 

Duz ſunt incognitz'x, y, duzque ad eas inveniendas æquationes; quæri- 

tur valor tam unius quam alterius literæ. Talia problemata vel in-nume- 

ris vel in. lineis folvere, difficillimum arbitror;. fi tamen de appropinquatio- 

nibus agatur, puto poſſe iis ſatisfieri. Si quam huic difficultati lucem af- 

ferre poteſt Newtonus, pro ed qui pollet ingen vi, multum analyſim pro- 

movebit. _ N - 

Analyſis quoque Diophantæa, ſeu ſolutio problematum in numeris ra- 

tionalibus, nondum perfectionem nacta eſt. 

Hzc annotavi feſtinans, atque inter legendum ;. ad reliqua majore otio 

opus eſt: interea celeberrimum Newtonum quæſo officieſiſſimè à me ſa- 

luta, &, poſt actas maximas gratias, eum roga, ut communicet continuatio- 


nem harum ſerierum; nempe poſita:z = ay +by* +cy' +dy* &c. ait fore 
ee 8 VV . . 
FF evmhy=z — FS Be Et ſi qua _ 
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natæ, in axe ſumptum, fit recta conſtans, vocabat ludum naturæ; & ejuſmodi problemata, mira & 
implexa, ab æquationibus pendere noluit. Reſpondebat Newtonus, hoc problema non eſſe ludum 
naturæ; fed ubi datur relatio quævis inter ordinatzm, & tangentem, & intervallum utriuſque, in 
axe ſumptum, ſemper poſſe ſolvi, idque abſque ſui methodo genera.i; nempe per fluxionum me- 
thodum ſimplicem, & quadraturam Curvarum. Jam reſeribit Leibnitius, id verum ele, at e 4/45! 
qroque artibus fuere (id eſt ejuſmodi problemata ab æquationibus ſuis pendere) & triangulum DBC, 
&b crebros uſus, cbaradleriſticum vocat, quaſi hæe ipfi dudum innotuiſſent. Hujuſmodi problemata 
ab xquationibus non pendere, anno ſuperiore ſcripfit : jam fluunt horum ſolutiones ex equs 1 
| 5 
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in promptu habet theoremata & nonnihil generalia; quoniam ad calculum 
eontrahendum plurimum ſerviunt: quod fi eorum originem, five demon- 
ſtrationem, addet, tanto magis obligabit. Velim etiam nofle, an per extrac- 
tiones in ſeriebus difeernere poſſit æquationes poſſibiles ab impoſſibilibus. 
Nam fi generalis ejuſmodp extractio proeederet, ſequeretur nullam æ- 
quationem fore impoſſibilem: item quomodo inveniat diverſas ejuſmodi 
Kquationis radices, ita ut ex pluribus radicibus eam poſſit invenire, quam 
quærimus: item an tales habeat ſeries, quarum ope, extrahendo, æquationis 
inveniuntur valores. finitr, quando tales inſunt æquatione: denique quid 
ſentiat de reſblutione æquationum, quales paulo ante poſur; ut ＋ Nr, 
& x£*+y =x+y; ubricilicet incognita ingreditur in exponentem. 

Oblitus eram diebre, pulchram mihi videri Ciſſoidis extenſionem in rec- 
tam, quam Newtonus invenit, ex ſuppolita quadratur# hy perbolæ. Ego 
mihi videor, eodem modo etiam metirf pofle Curvam hyperbole æquilateræ, 
fed nondum omnis; neque Curvam ellipſeos, quantum memini. 

Antequam finiam, adjiciam uſum pulcherrimum ſerierum, qui imprimis- 
Collinio noſtro non erit ingratus. Scis magnam eſſe difficultatem eirca ex- 
trahendas radices ex binomus cubicis, quando eas ingreditur quantitas ima- 
ginaria, orta ex radice quadratic{ negative quantitatis; ut V: 4 —bb—= 
MTV: A “ : ubi utraque quantitas, M & x, eſt ſingulatim im- 
poſſibilis; ſumma autem, ut alibi oſtendi, + eſt quantitas poſſibilis & rea- 
lis, æqualis cuidam quæſitæ z. Ut vero ea eximatur, & ut extrahatur radix, 
nempe ut inveniatur {2 Te- = i = bb; & IN e —bb=" 
V*:a—y/ —bb (unde fit //*:a+y/ u a— == z) non po- 
teſt adhiberi methoqas Schotenu, geometriæ Carteſianæ ſubjecta; quia opus: 
eſt ad eam, ut valor ipſius /*:a+/ = exhibeatur ſaltem approximando,. 
quod notis. methodis impoſſibile eft. Quis enim valorem ipſius / b. 
prope verum dabit? neceſſe eſt enim invenire 3% ; quis autem expri- 
mat ,/ — 1 appropinquando:? Scripſi olim Collinio, me remedium 1nvenitie ;; 
quod etiam ad omnes gradus ſuperiores valeat: id ecce hic uno verbo. Ex. 
binomio Y: a ＋ b extraho radicem per ſeriem infinitam, five per- 
theorema Newtonianum, five etiam more meo priore, inſtituendo calęu- 
lum ſecundum naturam cujuſque gradus, cum ſcilicet nondum theorema 
generale abſtraxiſſem: quæ radix ponatur eſſe /+ img —66+# p —b6, 
&c. Extrahatur jam & radix ex binomio altero, \/*:a—y/ — : het illa. 


ergo I addendo. hæc duo. extracta,. deftruentur imaginariæ quantitates, &. 


bus, 2c ſzpe ne quadraturis quidem aecitis; ſimplici analytica zquatione (Aifferentiali ſcilicet) 
peraguntur. | 
e Dixerat Newtonus, quòd ubi relat'o duorum quorumlibet laterum trianguli definiretur: per aquatiar,,. 
nem, problema ſolvi poteſt abiq ue gencrali ejus methods, quam literis trauſpofitis celaverat ; fed ubi pars axis, 
vel abſcifſie, ingreditur vinculum, res aliter ſe habere ſvlet; id eſt, indiget ejus methodo generali, pre-:, 
terquam in particularibus quibuſdam. Leibnitius, ad particularia illa alludens, bi cngu2 facile eff 
ail invenire Curve naturam, vel irquationcm, in uiroque caſu; quibus verbis manifeſtum, eſt ſolutionems 
generalem ei nondum innotuiſte. | — | 
+. Summa eſt quantitas triplex poſſibilis, . ideoque non niſi tripliciter exhiberi poteſt. 
+. Examinanda eſt hac methodus. | 


| 25 


＋ = m., bb f bb Kc. ut facilè demonſtrari poteſt ex calculo : 
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fiet x 22 &c. quæ ſunt eæ ſeriei portiones, in quibus nulla reperitur 
imaginaria. Invento ergo valore ipſius 2, quantum ſatis eſt propinquo 
quemadmodum Schotenius poſtulat, reliqua methods Sehotenians, perinde 
ac in illis binomiorum extrahendorum generibus, tranſigentur. 1e aj 
33 | 0 Funii 21, 1677. 


Fpiltola D. Leibnitii ad D. Oldenburgum, 12 Julii 1677 data, 
cum D. Newtono communicanda, Hujus extat exemplar manu 
D. Collins 'd2/criptumn, & impreſa eff a D. Wallifio pag. 652, 


r © on on 8 r N 
Nuperas meas credo acceperis; nunc iſtas mature ſummitto, ne facili- 
tate D. Newton: abutamur. Rogaveram enim in prioribus, ut quædan 


ſuæ epiſtole loca explicaret; nempe quomodo inveniſſet theoremata, 
: 2 632  2&f = 3 5 * 
a 


quod poſito x = ay + by* + &c. fit y == == +===#* &c. vel y = 


0 
2 8 33 ] 36² — 4 5 9 . f N ' ©. 8 8 . „ f 6 I 1 d Dna, 
r ISOE &c. Nunc vero, relectis ejus literis, video id facile non 


tantum ex ejus extractionibus derivari, fed & alterà illà methodo, ſub fi- 
nem literarum ejus expoſita inveniri; qua me quoque * aliquando uſum in 
veteribus meis ſchedis reperio; ſed cùm in exemplo, quod fortè in manus 
meas ſumſeram, nihil produflet elegans, folita impatentia eam porro adhi - 
Bun e 5 A 
Difficultatem moveram, in præcedentibus literis, circa æquationes impoſ- 
ſibiles; quarum radices poſſibiles videntur inveniri per ſeries infinitas; nece 
dum vero illa ſublata eſt, & meretur res excuti diligeutius. Illud tamen 
video, ſi in æquatione data, 2z=ay +by* + &c. literæ 2 & y ſint indeter- 
minatæ, tunc æquationem ſemper eſſe poſſibilem; ſed ſi z eſſet determi- 
nata, rurſuſque in zpfis @ vel 6 &c. lateret æquatio, poſſet eſſe impoſſibilis, 
& tamen per ſeriem generalem aliqua prodire videretur radix poſſibilis; cu- 
jus difficultatis ſolutionem, re diligenter expenſd, reperiri pofle arbitror : 
ſed nunc in iſta accuratius inquirere non licet. Meretur autem explicar), 
tum quomodo ex ſeriebus agnoſci poſſit æquationes eſſe impoſſibiles (quau- 
quam 1d alias ſatis facile inveniatur) tum quomodo dignoſcantur diverſe 
radices. | = 1 
Præter ea quæ in ſuperiore epiſtola notavi, ſcilicet methodum tangent1- 
um inverſam & geometricam (ſaltem ſuppoſitis Curvarum analyticarum 
| quadraturis) 
* D. Leibnitius ſeries plures reciprocas aute biennium ab Oldenburgo acceperat: methodum 
ſerierum reciprocarum anno ſuperiore Newtonum rogaverat: hoc anno acceptam zgre intellexerat : 
& intellecam ſe olim invenifle, ex chartis ſuis antiquis mox didicit : et quamvis ſeries pro hyper- 
boli & circulo ante annos plures haberet, & hzc methodus ex arcu daret ſinum, ex logarithmo 
daret numerum, & ſerierum omnium exhiberet reciprocas ; eandem tamen olim inventam neg- 
lexiſſe, ut inutilem. Sie methodum, quam diu deneeravertr rogaverat, acceperat, & #gre intel: 
lexerat, vel primus, yel ſaltem proprio marte ſcilicet invenit. Le: 
4+ Quod hic deſideratur, Newtonus, in epiſtolù ſuà noviſſima, ſignificavit ſe alzqua ex parte 7 
iſle; 
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quadraturis) & alia 1d genus, + deeſt nobis circa quadraturas, ut ſcire certo 
poſſimus, an non quadratura figuræ alicujus propoſitæ reducatur ad qua- 
draturam eireuli aut hyperbolæ: nam pleræque figuræ, hactenus tractatæ, 
ope alterutrius quadrari potuerunt. Quod ſi demonſtrari poteſt (ut arbi- 
tror) quaſdam figuras non eſſe quadrabiles nec per circulum nec hyperbo- 
lam; reſtat, ut alias quaſdam figuras primarias altiores conſtituamus, ad 
quarum quadraturam reducantur cæteræ omnes, quando id fieri poteſt. 
Hoc quamdiu non fit, hæremus; & ſæpe per ſeriem infinitam particularem 
quærimus, quod ad circuli aut hyperbolæ, aut aliam notioris figuræ quadra- 
turam reduci poterat. Crediderat Gregorius, dimenſionem Curvarum hyper- 
bolæ & ellipſeos non pendere a quadratura circuli aut hyperbolæ; ego vers 
reperi aliquam ſpeciem Curve hyperbolicæ, quam, ex data ipfius hyperbole 


quadraturà, metiri poſtum : de cæteris nondum mihi liquet. 


! | hs | Hannoveræ 12 Julii 1677. 
Brevi poſtea, auumno feilicet anni 1677, mors Oldenburgi buic literarum 
commercio finem iinpoſuit. Drinde anno 1682 Collins moriuus eft, & Acta 
erudiforum Lipſiæ primum edita ſunt: ejuſque anni menſe Februario prodiit D. 
Leibnilii Quadratura Arithmettca, circult ſcilicet & hyperbole; quarum prior 
non differt d Gregoriand toties diftd, neque poſterior ab ea Vicecomitis Broun- 
keri, ante quatuordecim annos, in Philoſophicis Tranſactionibus N* XXXIV. 
pro menſe Aprilis 1668, publicatd. Non mulio poſt, anno ſcilicet 1684, in. 
riſdem actis Lipficis pro menſe Oftobri, Calculi Differentialis elementa primum 
edidit D. Leibnitius literis G. G. L. deſignatus. Anno autem 1683 ad fi- 
nem vergente, D. Newtonus propoſitiones principales earum, que in Philoſo- 
pbiæ Principiis Mathematicis habentur, Londinum miſit, eademque cum So. 
cietate Regis mox communicatæ ſunt; ann:que 1686 liber Ille ad Societatem 
miſſus eſi ut imprimeretur, proximogue anno menſe Martio lucem vidit © & ex- 
emplar ejus D. Nicolao Fatio datum eſt ut ad Leibnitium mitteretur. De- . 
inde anno 1688 epitome ejus in Alis Lipſicis impreſſa eft : qua leeds D. Leib- 
nitius epiſtolam de lineis Opticis, ſehediaſma de reſiſtentia Medi, & motu Pro- 

jectilium gravium in Medio reſiſtente, & teniamen de Motuum Cælæſtiuim cauſis 
compoſuit, & in Actis Lipficts, ineunte anno 1689, imprimi curavit ; quaſi . 
iþſe quogue præcipuas Newtoni de his rebus propoſitiones mveniſſet, idgue di- 
verſd methodo, qud vias novas geometricas aperuiſſet; & librum Newton la- 
men. nondum vidiſſet. | 


No LXXI. 


niſſe; & quod invenerat, poſtea publicavit in libro de Quadratur Curvarum. Toes 

+ Hic licentia conceſſà authores quilibet inventis ſuis facile privari poſſunt. Viderat Leibni. 
tias epitomen libri in Actis Lipficis. Per commercium epiſtolicum, quod cum viris doctis paſſim 
habebat, cognaſcere potuit propoſitiones in libro illo contentas. Si-librum non vidiſſet, videre* 
tamen debuiſſet, antequam ſuas, de iiſdem rebus, in itinere ſeriptas compoſitiones publicaret. Di- 
cunt aliqui, falſas eſſe Tentaminis Propoſitiones x1, X11& xv ; & D. Leibnitium ab his, per calcu» 
lum ſuum, deduxiſſe Propoſitiones xix & xx ejuſdem tentaminis. Talis autem calculus ad pro- 
poſitiones priùs inventas aptari quidem potuit, non autem inventorem conſtituere. 


Anno 
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Ne LXxII. Anno autem 1695 Opera Mathematica celeberrimi Wallifii duobus tomis 
Oxonii prodiere : & in Actis Eruditorum anni inſequentis menſe Juniq, 
habetur libri Epitome ; in qui ſequentia leguntur, pag. 257 & ſeq, 


Neutonianis etiam ſeriebus jam in Anglicand editione expoſitis, adjicit Juas 
dam que David Gregorius Scotus Profeſſor Oxonienſis, & Archibaldus Pit. 
carnius Medicine Lugduni Batavorum Profeſſor, non abludentia attulerunt. 
Addit Cap. 95. Algebra, pag. 389, apud cxteros (ut verba cus ſonant ) etiam 
Leibnitium & Thjchurnhauſium nonnibil ee præſtiliſſe, & apud Bri- 
tannos Facobum Eregorium, & Nicolaum Mercatorem; fed gue ſunt, ut plu. 
rimum, nonnifi cafus particulares intra ambitum generalem regularum Newtoni, 
Calculo quoque differentials Leibnitii affinem eſſe methodum fluxionum Newtoni, 
in Principiis Nature Mathematicis primùm editam, tum utrdque efje anti 
quiorem Barrovii; & omnes Wallifiane Arithmetice Infinitorum ſuperſtru;, 

gu Cavallerii geometriam promovit, ut hie Archimedeam. Exhibet etiam 
methodum quandam Foſephi Raphſon pro infinitis ſeriebus, libello Londini 
1690 edito, ſub titulo Analyſeos Aiquationum Umver ſalis, comprehenſam. Cæte- 
rum ipſe Newtonus, non minus candore quam præclaris in rem mathematican 
meritis inſignis, * publice & privatim agnovit, Leibnitium tum cum, inter- 
veniente celeberrimo viro Henrico Oldenburgo Bremenfi, Soctetatis Regie 
Anglican tune Secretario, inter ipſos, ejuſdem jam tum Societatis Socios, 
commercium intercederet; id eft jam fere ante annos viginti & amplius; calcu- 
lum ſuum differentialem, ſerieſque infinitas, & pro is quoque methodos generales 
habuiſſe ; quod Malliſius, in prafatione Operum factæ inter eos communicatio- 
nis mentionem faciens, præteriit; quoniam de eo fortaſſe non ſatis ipſi conſtabal. 
Ceterum diſterentiarum conſideratio Leibnitiana, cujus mentionem facit Il al- 
lifius, ne quis ſcilicet, ut ipſe ait, cauſaretur de calculo differentiali nihil ab 
ipſo dlictum fuiſſe, meditationes aperuit, que aliunde non aque naſcebantur. 
Eft enim differentia analyticum quiddam, & calculi capax; & quod rei caput eff, 
ſummæ reciprocum; euque demum ratione factum eft, ut calculus analyticus non 
minus in Geometrid altiore, quam Carteſius a ſuo calculo excluſerat, quam in 
. ordinarid, ab ipſo trattatd, procedat. Et quemadmodum Apollonius, & alii ve- 
teres, habebant quidem proprietates ordinatarum pre linets conicis & alus, ex 
quibus formate ſunt poſtea &quationes à Carteſio ; ita ſimiliter line, quas ipſe 
Cartefius, quippe calcula ſus intractabiles, a Geometrid excluſerat, Leibnitiand 
primum methodo æquationibus finitis ſunt expreſſa, & ſub leges analyſtos redac- 
; qud ratione, omnes earum proprietates analytico jam calculo inveſtigari poſ- 
Junt, prorſus ut in ordinariis. Et cum antea per viam figurarum, & imagina- 
 twmbus, etiam preſtantiſſimi geometre faciliora tanium aſſequi in his potuerint, 
nunc, ope hujus calculi, non tantum priora illa primo velut obtutu patent, gue 
Func 


* Methodum differentialem Moutoni & Leibnitius habuit anno 1673, & ſuam eſſe voluit : me- 
thodum aliam differentialem nondum habuit : ſeries poſtea habuit, ſcd quas anno 1675 ab Olden- 
burgo accepit, ab aliis priùs accipere potuiſſet. Methodum generalem perveniendi ad ejuſmodi 
ſeries anno proximo ab Oldenburgo petiit, à Newtono accepit, antea non habuit. Methodum 
extrahendi radices in ſpeciebus a Newtono ſimul accepit, qua methodus cjus per tranſmuta- 

| tionem 
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tune merito admirationi erant, ſed & multo magis abſtruſa deteguntur, ad que 
imaginatio non pertingit, in quo conſiſtit potiſſimus calculi analytici uſus. Cæ- 
tertim ipſum celeberrimum Wallifium, quo eſt candore, non dubitamus etiam 
noftratium. meditationibus, fi ſufficientem earum habuiſſet notitiam, locum am- 
pliorem in ſuo opere daturum ſuiſſe. Sed ipſe queritur, ultimd Algebre ſux 
pagind, hec nofira Eruditorum Acta, in quibus bona earum pars continetur, 
mints ſibi ſuiſſe viſa : unde neque illa ſatis ſibi cognita ait, que de Geometrid 
Incomparabilium, vel Analyſi Inſinitorum, d Leibnitio data ſuere, que libenter 
alioqui in ſus quoque opere exhibiturus ſuerit. Cæterùm hdc occafione & de Ni. 
colao Mercatore, quem IM alliſius velut inter ſuos recenſere videtur, notare 
voluimus, Germanum fuiſſe, & ex Holſatid oriundum, etfi in Angliam habi- 
tatum concęſſerit; eumque primum ſuiſſe, quantum conſtet, qui quadraturam 
publicè dederit per ſeriem infinitam, tameiſi tunc quogue Newtonus in eadem, 
ipfo inſcio, incidiſſet, eaque multo longiùs produxifſet. | | 


Excerpta ex epiſtold D. J. Wallifi ad D. Leibnitium, Oxonii 1e Decemb. Ne LXXIII. 
1696 datd; qud reſpondetur ad ea, que ex Actis Eruditorum mado deſcrip-= 
mus. . 


Dum hæc ſcripturus eram; oſtendit mihi nonnemo, heſterno die, Acta 
Lipſica, pro menſe Junii præſentis anni 1696. Quorum eruditus editor 
dignatus eſt inibi amplam meorum Operum Mathematicorum, Oxonu edi - 
torum, mentionem facere. Quo nomine me ipſi obſtrictum ſentio, & gra- 
tias habeo. | 
Sed conqueri videtur, ſaltem ſubinſinuare, quod, quum Newtoni me- 
thodos fuſius expoſuerim; de Leibnitianis parcius dixerim. At nolim ego 
te, quem magni æſtimo, à me quoquo modo læſum iri. Sed gratulor po- 
tius, te, in tantà nobilitate poſitum, ad res noſtras mathematicas deſcen- 
dere voluiſſe. Et tantum abeſt, ut velim ego tibi quocunque modo iniquus 
eſſe, ut ſiqua ferat occaſio, demerere malim. 
Dum addit eruditus editor, illas me forte præteriiſſe, quod de illis mihi 
non ſatis conſtiterit; id omnino verum eſt. s 
Dicam utique quod res eſt, neque enim fateri pudet ; tuarum ego re- 
rum nihil, quod memini, vidi quicquam, præter hæc duo. Quorum alte- 
rum, illud eſt, quod inter Londinenſium Collectiones Philoſophicas habetur 
ſed abſque demonſtratione, ex Actis Lipſicis deſcriptum, de quadrato 
diametri ad aream Circuli ut 1 ad - FTT T- er &c. in infini- 
tum; quod ego meis inſerui, ut + a te factum, ad Algebræ meæ * XCV. 
lterum 
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tionem figurarum nondum generalis, in methodum quandam generalem evaſit, ſed inutilem : per 
extractiones ſolas res citius peragitur. Anno 1677 methodum novam differentialem habuit, ac 
tantam methodi hujus antiquitatem editores jactant, majores non aſſerunt. Methodum gene- 
ralem, vel ſerierum vel differentialem, Leibnitium, vel primum vel priori marte, inveniſſe Newto- 
nus nondum agnovit publice. 1 3 
+ Ignoravit Wallifius Gregorium hanc ſeriem anno 1671 cum Colknio, Oldenburgum anno 
Vol., IV, | % 1675 
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| Alterum eſt illud de Teſtudine Quadrabili ; cujus ego, ut de tuo, 1 men- 
| tionem facio in Algebræ meæ poſtremo folio. Præter hæc duo ſi plura ; 
noverim, non reticuiſſem. 4 
Tuam Geometriam Incomparabilium, vel Analyſin Infinitorum, quam : 
ibidem a te memoratam dix1, ego nondum vidi; nec ejus quicquam vel de 
nomine ante naudiveram, quam Py ibidem ad calcem Algebræ die- 
| tum eſt. 
| 0 Neque Calculi Diderentialis vel nomen audiviſſe me memini, niſi peſt⸗ 
| | quam utrumque volumen abſolverant operz, eratque præfationis præfl- 
gendæ poſtremum folium ſub prelo, ejuſque typos jam poſuerant typo- 
thetz. Quippe tum me monuit amicus quidam harum rerum gnarus, qui 
eregre fuerat, tum talem methodum in Belgio prædicari, tum illam cum 
2 methodo fluxionum quaſi coincidere. Quod fecit, ut, en 
typis jam poſitis, id monitum interſeruerim. | 

Sed ante monueram, Algebræ, Prop. xcv. pag. 389, quod bla potui, 
Leibnitium & Tſchurnhauſium talia meditatos; ſed quæ ego non videram, 
necdum vidi. Et ſicubi forte videram literas G. G. L; z neſciebam, you 
ill virum indicabant. 

Extant, credo, plura in Actis LipGeis; ; fed quæ ego non vidi: ut nec 
tu, credo, vidiſti Brounkeri Quadraturam Hyperbolæ, quæ extat in Tranſ- 
actionibus Londinenſibus. Mihique condonari poteſt, hac ætate, qui an- 
num octogeſimum ſuperavi, ſi non omnia ſeiſcitarer. 

Noveram quidem jamdudum, & indicavi, de rebus hujuſmodi dontulla 
| te meditatum eſſe; tibique cum Newtono, mediante Oldenburgo, interceſ- 
| ſiſſe literas quaſdam tuas: fed, quas ego non vidi, nec {cio quales fuerint: 
a eratque Oldenburgus diu mortuus, ut non potuerim ab illo ſciſcitari. Ro- 
gabam quidem per literas Newtonum noſtrum, ut fi eas penes ſe habe- 
ret, earum mihi copiam faceret literarum; ſed retulit ille, ſe non habere. 
Et quidem periiſſe credo flammis inopinato correptas, cum pluribus New- 
toni fcriptis meliori luce dignis: & niſi per me ſtetiſſet, periiflent etiam 
Newtoni literæ. Eoque animo rogabam, ut tuas illas cum Newtoni li- 
teris junctim ederem. Idque etiamnum, ſi ferat occaſio, facturus fortè 
tum, modo mihi dignaberis earum copiam facere #, 5 | 

Quod Henricus Oldenburgus fuerit Bremenſis ; & Nicolaus Mercator 
Holſatus, quod ſuggerit eruditus editor, omnino verum eſſe credo; ſaltem 
Anglos non fuiſſe ſatis novi; eoſque propterea Germaniæ veſtræ non invideo, 
adeoque non Noſtrates dixi, ſed ** Apud Nos :” nec tamen ideo minus 
eos aut amavi, aut æſtimavi. Nam mihi perinde eſt, qua quis gente fit; 
Tros Tyriuſve foret, nullo diſcrimine modo fit vir bonus & bene meri- 

tus. Sed apud nos diu vixerant; & quicquid hac in re fecerint, apud nos 
factum eſt. 

Quæ fuſs ex poſui, ut ſentias qui tibi non iniquus fuerim, aut parum 
candidus. 


167 s cum Leihnitio communiciſle ; & præterea Lide in Anglia fuiſſe- anno 7653. Colli- 
nius enim, ab anno 1670 ſeries, a Newtono & Gregorio acceptas, rogatus non rogatus liberrime 
nec fine jaCtantia commrnicavit, ut ex ſaperioribus patet, Et Pellius, cui hz ſeries ignotz non 

erant, cum Leibnitio de ſericbus verba habuit, E 
* 
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Paucis dicam, quid potiſſimum inſignibus noſtri ſeculi Mathematicis 
in hoc Geometriæ genere, mea ſententia, debeatur. 

„ Primum Galilæus & Cavallerius involutiſſimas Cononis & Archime- 
6 dis artes detegere cœperunt. . 

«© Sed Geometria Indiviſibilium Cavallerii ſcientiæ renaſcentis non niſi 
infantia fuit. Majora ſubſidia attulerunt triumviri celebres; Fermatius, 
4 inventà methodo de Maximis & Minimis ; Carteſius, oftenſa ratione li- 
neas geometriæ communis (tranſcendentes enim excluſit) exprimendi 
per æquationes: et P. Gregorius a S. Vincentio, multis preclaris in- 


fe 


“ addo. . 

„Sed & hi intra certos limites conſtitere; quos tranſgreſſi ſunt Huge- 
nius & Walliſius, geometri4 inclyti. Satis enim probabile eſt, Huge- 
niana Heuratio, & Walliſiana Nelio & Wrennio, qui primi Curvis æ- 
% quales rectas demonſtravere, pulcherrimorum inventorum occaſionem 
dediſſe. Quod tamen meritiſſimæ laudi inventionum nihil detrahit. 


glus: qui præclaris in hoc genere theorematibus ſcientiam mirificè lo- 
„ cupletarunt. 


* 


* tifſimus, + primus (quod ſciam) quadraturam aliquam dedit per Seriem 
% 88 !!!!! - 
At idem inventum non ſuo tantùm marte aſſecutus eſt, ſed & uni- 
verſali quadam ratione abſolvit, profundiſſimi ingenii Geometra Iſaacus 
Newtonus. Qui, fi ſua cogitata ederet, quæ illum adhuc premere in- 
e telligo, haud dubie nobis novos aditus ad magna ſcientiæ incrementa 


* compendiaque aperiret.“ 


ab Oldenburgo. Pa | N . wg 


2 t JO quadraturam D, Brounkeri pe .diviſionem Wallifianam tantum demonſtravit, ut 


Er epiſtold D. Leibnitii ad Walliſium ſcripts, 22 Marti, ineuntis No Lxxlv. 


« ventis. Quibus egregiam Guldini regulam de Motu Centri Gravitatis 


« Secuti ſunt hos Jacobus Gregorius Scotus, & Iſaacus Barrovius An- 


4 Interea Nicolaus Mercator Holſatus, Mathematicus & ipſe præſtan- 
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Quibus deinde nonnihil de 1s addo, “ quæ mea opera acceſſere; præ. 
ſertim dum novo calculi genere effeci, ut etiam Algebram tranſcendentia 


analyſi ſubjiciantur; & Curvas, quas Carteſius a geometria male excluſe. 


rat, ſuis quibuſdam æquationibus explicare docui; unde omnes earum 
proprietates certo calculi filo deduci pofſunt: exemplo Cycloidis, cui æ- 


 quationem ibidem afligno, y=/2x— xx +{—=== Ubi f 6gnificat ſum. 


No . 


; | 2X — XX | 
mationem ; & d, differentiationem ; x, abſciflam ex axe inde A vertice; 
& y, ordinatam normalem. 3 5 7 

De te autem queri, nunquam mihi in mentem venit; quem facile appa- 
ret noſtra, in Actis Lipſienſibus prodita, non ſatis vidiſſe. | 

Quæ inter Oldenburgum & me commutatæ ſunt literæ, quibus aliqua 


acceſſerint a D. Newtono excellentis ingenu viro, varus itineribus & nego- 


tits, ab hoc ſtudiorum genere plane diverſis, vel periere, ut alia multa; vel 
jacent in mole chartarum aliquando excutienda digerendaque, ubi à ne- 
ceſſariis occupationibus vacatio erit ; quam mihi tam ſubito quam vellem 
promittere non poſſum. | 5 


Ex epiſtold Wallifii ad D. Leibnitium, Apr. 6, 1697. 
Vir Nobiliſime Cæleberrimegue, 

Literas tuas humaniſſimas, Martu 2 Hannoveræ datas, accepi, & ex - 
oſculatus ſum, Martii 13 ſtilo noſtro 1697; hoc eſt, Apr. 10, ſtilo novo. 
Mihique gratulor, quod nobiliſſimo viro ego meaque non diſplicuerint. Ve- 
niam interim exorare debeo, ſi locorum diſtantia fecerit, ut eruditiſſima 
tua ſcripta, & inventa, minus ego ſciverim aut intellexerim, quàm vellem; 
& quidem, quis fit ille tuus Calculus Differentialis, non ſatis mihi comper- 
tum fit ; niſi quòd mihi nuper nunciatum eſt, eum cum Newtoni Doctrina 
Fluxionum quaſi coincidere. = 

Nec pudet me meam hac in parte ignorantiam fateri; qui jam ab aliquot 
annis contentus fuerim, hac ætate, lampadem tradere ; aliiſque permit- 
tere, ut promoveaut ea quæ, ſiqua, ego non infeliciter detexerim. 

Quod literas ſcripſeris, in mei gratiam, ad editores Actorum Lapticorum, 
favori tuo debeo, & grates habeo. | he 

Quis eorum ille ſit, qui mea ſeripta recenſuit in Actis Lipſicis pro menſe 
Juni 1696, cgo quidem non ſcio; fed ei gratias habeo. Neque enim eſt, 
car ego ei ſuccenſere debeam, {i non primo iutuitu ſtatim perſpexerit 

omnia 


* Leibnitivs, recitando inventa nova mathematica, prætermittit methodum fluxionum; quali 

analy lis tota inftuitehmalis fola fui operà acceſſerat. 8 
Annon New tonus hujuſmodi eqmationes priùs iovenit ; qui docuit fluentem ex æquatione 

flaxionem involvente extrahere, & Curvas Mechauicas ad æquationes numero terminorum infinitas 


reduxit, pergendo ab hujufmodi æquationibus finitis? Annon tota Fluxionum methodus inverſa, 


ubi de Curxvis agitur, pendeat ab hujuſmodi æquationibus ad Curvas applicatis ? 85 
{ Quay Leibnitius hoc non advertiſſet anno 1677, ubi primum incicit in methodum New toni. 
Vide Interas ejus ſupra impreſſas, p. 561. Certè methodum Newtoni, ante annum 1671 inventam 
Fi, Lei, nitius ex litteris eus inteliexerat, ted in Actis Lip icis hoe nunquam agnovit. nec 
1*pri p. 481, 544, 545, Sic & ſe ab Oldenburgo fex.cs Newtonianas & Gregorianas, 3 
| | 5 


one. 
orania, quæ penitus rimanti occurriſſent, aut etiam ſint occurfura, Suffi- 
cit enim inſtituto ſuo, ut ſumma quæque carpat, & magis obvia; leQori- 
bus permittendo, fi penitiora deſiderent, apud authores indicatos quærere. 
Nolim autem exiſtimes, quod in gentem veſtram minus æquo fim animo; 
nam ſecus eſt, &c. 2 „ 
Ubi dicituf, Nicolaum Mercatorem primum ęſſe qui quadraturam aliquam 
dedit per ſeriem infinttam : vide annon mea talis fit, Ar. Infin. Pr. 191. 
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* Is &c. 
Sed & omnes mearum tabellarum ſeries, in Arithmetica infinitorum, ſunt 
Series Infinitæ; & earum plurimæ, quales quæ vobis dicuntur, novo nomi- 
ne, ſeries Tranſcendentales. | 
Nolim utique ut Clariſſimo viro fraudi fit nova compellatio. Nam quas 
ego vocaveram Continuas Approximationes, vocat Jacobus Gregorius Se- 
ries Convergentes ; & Newtonus, Series Infinitas; fed res eadem eſt. Sic 


quod ego vocaveram Centrum Percuſſionis, vocat Hugenius, novo nomine, 


Centrum Oſcillationis; ſed eadem res eſt. Et Fermatii Hyperbolæ Infi- 


nitæ exdem ſunt cum meis Seriebus Reciprocis. Et Galilæi Cycloides, 


Merſenni Trochoides, mea Cyclois, & Cufani Curva, quocunque nomine 


dicatur, ſunt res eadem. Sie rectificata Curva Nelli, & Curva Heuratii, &. 
Curva demum Fermatii, eadem eſt cum med Paraboloide Semi- cubicali. 
Et Gallorum Socia Cycloidis eſt ea Curva, quæ mihi terminat figuram Si- 
nuum rectorum. Et, ni fallor, fic ſaltem mihi nunciatum eſt; Newtoni 


Doctrina Fluxionum res eadem eſt, vel quam ſimillima, que vobis dicitur 
Calculus Differentialis: quod tamen neutri præjudicio eſſe debet. 
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Ex epiftold D. Leibnitii ad Wallifium ſcrihld, 28 Mail 1697. N LXXVI. 


Methodum Fluxionum profundiffimi Newtoni, cognatam eſſe methodo 


me Differentiali, non tantùm animadvert 7. poſtquam opus ejus & tuum 
prodiit; ſed etiam profeſſus ſum in Acis Eruditorum, & alids quoque mo- 


uni. Id enim eandori meo convenire judicavi, non 1 5 quam ipfius 
merito. Itaque communi nomine deſignare foleo & Analyſcos Infiniteſſima— 
lis; quæ latiùs quam methodus Tetragoniſtica patet. | 
3 \ 
anno 1575, accepiſſe, ſtitim oblitus eſt; p. g19—520, 522. Et methodum ſerierum fe ab O- 
dendurgo poſtulaſfe, & 1 Newtono acce piſſe, ſtatim oblitus eſt; p. 522. 535, 530, 537. Et pro- 
blemata tangentium inverſa ab eguatic nibus & quadraturis pendere, te primum negilie, & tubimle 
a Newiono didiciſſe, ſtatim oblitus eſt; p. 5.44, 667, 858. ns 

$ Methodum fluxionum & methodum difterentialemſeſſe unam & eander, methodum, Leit ate 
tins hie agnoſeit; ideoque ſe com nuni nomine analyieos infiniteſimalis deagnare folere, liect in 
nonnullis differre poſſint: ut analyſis ſpecioſa Victæ & ea Cartefii in nonnulhs differunt. Qusti- 
tur, quis fit analyſeos hujus infiniteſimalis inventor primus 3 & ecquid alter alterius inventis gde 
diderit, | — | 


Interim, 
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Interim, quemadmodum & Vietæ & Carteſiana methodus Anatyſeos 
Specioſæ nomine venit; diſcrimina tamen nonnulla ſuperſunt: ita foftaſſe 
& Newtoniana & Mea differunt in nonnullis. eee 
. Mihi conſideratio differentiarum & ſummarum, in ſeriebus numerorum, 
primam lucem affuderat, cum animadverterem differentias tanpentibus, 
& ſummas quadraturis reſpondere. Vidi 5 mox differentias Are 
rum in Geometria Oſculis exprimi. Et notavi mirabilem analꝰgiam rela- 
tions inter differentias & ſummas, cum relatione inter potentias & radices. 
Itaque Judicavi, præter affectiones quantitatis | hactenus receptas I, V 55 
8, y*, &c. vel generaliter yt, five [p], vel potentiæ ipſius y ſecundum 
exponentem e; poſle adhiberi novas differentiarum vel fluxionum affec- 
ümiliter generaliterque dy). 33 F 
Haäc jam affectione admiſſd, I vidi commodè per æquationes exprimi 


. tiones, dy, da (ſeu ddy) d'y (ſeu dddy) imo utiliter etiam occurrit diy, & 


poſſe quantitates, quas à ſua Analyſi & Geometrid excluſerat Carteſius; & 


Curvas, quas ille non rectè vocat Mechanicas, hac ratione calculo non mi- 
nits. ſubjici, quam ab ipſo in Geometriam receptas. Et, quemadmodum 
Veteres jam æquationes Curvarum Locales obſervaverant, ſed Carteſius ta- 
men utilem operam nobis navavit, dum eas calculo ſuo expreſſit: ita putavi, 


me non inutiliter facturum, ſi oſtenderem methodum Curvas, ab ipſo exclu- 


ſas, ſimiliter per æquationes exprimendi; quarum ope, omnia de 11s certo 


calculi filo haberi poſſint. 


Et licet fatear, quemadmodum rem ipſam, in æquationibus Curvarum 
localibus facilioribus, calculo Carteſii expreſſam, jam tenebant Veteres; 


ita rem ipſam, meis æquationibus differentialibus facilioribus expreſſam, 


non potuiſſe tibi, aliiſque egregiis viris, eſſe ignotam: non ideo minus tamen 
puto, & Carteſium & me aliquod utile præſtitiſſe. Nam antequam talia ad 
conſtantes quoſdam characteres calculi analytici reducuntur, tantumque 
omnia vi mentis & imaginationis ſunt peragenda, non licet in magis com- 
poſita ee n penetrare; quæ tamen, calculo ſemel conſtituto, luſus 
quidem jocuſque videantur. „„ | | 
Unde jam mirum non eſt, & problemata quædam, poſt . cal- 
culum meum, ſoluta haberi, quæ antea vix ſperabantur: ea præſertim quæ 
ad tranſitum pertinent a Geometria ad Naturam. Quoniam ſcilicet vulgaris 
gecmetria minus ſufficit, quoties Infiniti involvitur conſideratio; quam ple- 
riſque Naturæ operationibus ineſſe, conſentaneum eſt, quo melius referat 
autorem ſuum. 5 8 | | 


Fateturhic Leibnitius, methodum tangentium per differentias primam lucem ipfi affudiſſe; id 
eſt, methodum, quam Fermatius, Gregorius, Barrovius coluere, Newtonus N' X. ad quanti- 


tatum augmenta momentanea generaliter applieuit. Hancce tangentium methodum Leibnitius, 


lectis New tonianis, meditatur, p. $23» 544, $58, 559: generalem reddit, P- 5034 & Newtonianæ 
umilem eſſe ſtatim videt, p. 561, 56 44. | | 

F t 2 & Schootenus Hoc ante viderunt, determinando punctum flexüs contrarii in Con- 
,, è e TEN OT. 1 1 | h 

1 Leibnitius hoc non vidit ante annum 1679, Scripſit enim anno 1676, inverſa tangentium 
problemata, & alia-multa, ab equationibus non pendere. Reſcripfit Newtonus, hujuſmodi proble- 
mata in poteſtate eſſe, nempe per æquationes ſuas. Et tum demum Leibnitius, a Newtono ad. 
monitus, hac vidit. Vide p. 538, lin. penult, 


Hu genius 
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Hugenius certe, || qui hæc ſtudia haud dubiè profundiſſimè inſpexerat, 
multiſque modis auxerat, initio parvi faciebat calculum meum, nondum 
perſpectà ejus utilitate. Putabat enim, dudum nota fic tantùm novè expri- 
mi: prorſus quemadmodum Robervallius, & alii initio, Carteſii Curvarum 
calculos parvi faciebant. Sed mutavit poſtea Hugenius ſententiam ſuam; 
cam videret quam commoda eſſet hæc exprimendi ratio, & quim facile per 
eam res involutiſſimæ evolverentur. Itaque maximi eam à fe fieri, aliquot 
ante abitum-annis, non tantùm in privatis ad me alioſque literis, ſed pub- 
licè quoque eſt profeſſus. 55 3 week 
Cæterùm Tranſcendentium appellationem,.. nequid a me-preter ratio» 
nem in phraſi geometrici novari putes, fic accipio, ut tranſcendentes quan- 
titates opponam ordinarus & algebraicis: et Algebraicas quidem, vel ordina- 
rias, voco quantitates, quarum relatio ad datas exprimi poteſt algebraicè; 
id eſt, per æquationes certi gradiis ; primi, ſecundi, & tertii, &c; quales 
quantitates Carteſius ſolas in ſuam Geometriam recipiebat: ſed Tranſcen- 
dentes voco, quæ omaem gradum algebraicum tranſcendunt. Has autem 
exprimimus, vel per valores infinitos, & in ſpecie per ſeries (neque enim 
ipſas ſeries Tranſcendentales voco, ſed quantitates- ipſis exprimendas) vel 
per æquationes finitas ; eaſque vel differentiales; ut cùm ordinata cycloidis 
{ xdx 


9 


87 4 TOES vel exponen 
fiales; ut cum incognita quedam x exprimitur per hanc æquationem x* + 
& . Et. quidem tranſcendentium exponentialem pro perfectiſſimà habeo; 
quippe qua obtenta, nihil ultrà quærendum reſtare arbitror 1 quod ſecus eſt ; 
in ceteris. . 1 e . 

Primus autem, ni fallor, etiam Exponentiales æquationes introduxi, 
cum ignota ingreditur exponentem. Et jam anno primo ++ Actorum Lip- 
fienſium, ſpecimen dedi in .exemplo quantitatis ordinariæ Tranſcendenta- 
liter expreſſæ, ut res fieret intelligibilior; nempe, ft quæratur * +x = 30, 
patet x 3 ſatisfacere; cum fit 3 3 =27 +3= 30. | : 


methodo mei exprimitur per æquationem ** y.— 


Ex epiſtold Walliſii ad Leibnitium, Julii 30, 1697.1 N*LXXVIL . 


Optaverim ita, ut tibi vacet tuum Calculum Differentialem, & Newtono 
ſuam Fluxionum Methodum, juſto ordine exponere ; ut. quid fit utrique 


' $:Mirum eſt, hæc J D. Leibnitio dioi ; qui ex literis & Principiis Newtoni intellexerat, metho- 
dum ſolvendi hujuſmodi problemata Newtono, ante annum 1671, innotuille ; & ipſum primum, | 
per-hanc methodum, problemata traQtafſe, que ad tranſitum pertinent à geometria ad naturam. 

] Hugenins literas, qu# inter Newtonum & Leibnitium mediante Oldenburgo interceſſerant, 
nunquam vidit. | A 280 4 | 


=, - axdx- | of onde ALT AT DD xx 
. I* Legendum y=f —= Idem fic defignari: poteſt y — —; velſic, z=— 3 
Var „ar- A Var - 


Et nota, quod ubi diſferentiæ referuntur ad ſummas, rectiùs dicerentur partes. Sunt enim non 
diftcrentiz ſummarum, ſed partes; & nullam relatienem habent ad ſummas, nifi quatenus, ſunt 
carum partes. | | ps, | 


++. Imo anno 1677. vide pag. 560, 564. 


commune, 
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commune, & quid interſit diſcriminis, & utramque diſtinctius intelli- 
3 . 


N*LXXVIIL In d. Hertotiene D. Nicolai Fatii Duillierii, R. 8. $. FL bear geome- 


rricd line breviſſimi dęſcenſiis, &c. Londini, anno ny eaitd, Pag. 18, 
Hherc habentur. 


% Newtonum primum, ac oluribuy annis vetuſſiſſimum, hujus ealculi 
inventorem, ipſà rerum evidentia coactus, agnoſco: à quo utrum quic- 
quam mutuatus ſit Leibnitius, ſecundus ejus inventor, malo eorum, 


quam meum, fit judicium, quibus viſe fuerint Newtoni liter, aliique 
ejuſdem 5 codices. 


-C6 
£6 
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Et reſpondit D. Leibnitius i Aclis Lipfienfibus menſe Mail 1700. 


« Certe cum elementa calculi mea edidi anno 1684, + ne conſtabat 
quidem mihi aliud de inventis ejus in hoc genere, quam quod ipſe olim 
 tiprificaverat in ſiteris; poſſe ſe tangentes invenire, non ſublatis irratio- 
nalibus: quod Hugenius quoque fe poſſe mihi ſignificavit poſtea, etſi 
_ c#terorum iſtius calculi adhuc expers: ſed majora multo conſecutum 
Newtonum, viſo demum libro Principiorum ejus, ſatis intellexi. Cal- 
culum tamen differentiali tam ſimilem ab eo exerceri, non ante didici- 


mus, quam cum non ita pridem magni geometræ Johannis Walliſii Op 
rum volumina primum & ſecundum prodiere, Hugeniuſque, curiebtut 


mee favens, locum inde deſcriptum, ad Newtonum pertinentem, mihi 
& mature tranſmiſit.“ 


Et poſt aliqua, de methodi hujus parte ſublimiore verba faciens, adait : 
Quam [methodum] ante dominum Newtonum & me nullus quod ſciam 
geometra habuit; uti ante hunc maximi nominis geometram, NEMO, 


{pecimine public dato, ſe habere probavit: ante dominos Bernoullios & 
me nullus communicavit.“ 


D. Fatio autem replicationem ſuam ad editores Lipſienſes, ut oublicaretar, 8 mit- 


tente, hi, quaſi lites averſati, eandem Acłis ſuis inſerere necuſurunt. Vide 
Act. Lipſ Marti 1701, Pag. 134. 


* Ut Leibnitius differentiam mothedoragh exponat, iterum rogat Walliſius; fed fruſtra. 
Conſtabat certè D. Leibnitio, jam ab anno 1677, Curvarum quadraturas faciliores reddi; 
problemata tangentium inverſa D. Newtoni methodis ſolvi; idque nonnunquam per of, i 
ſolas, nonnunquam per methodos generaliores. Confer literas ejus pag. 561, & ſeq, cum pag» 

544, $45, 557, 558, ut & cum pag. 510, lin. 25, 26, & pag. 523, lin. 4, 7, 17» 

1 Compilatores Actorum, in ſcribe ndis librorum Brevi iariis, a cenſuris temerariis abſtinere de- 
bent. Ex hic cenſura patet animus ſcriptoris in D. New tonum. 

$ Literis D. T. Tſchurnhauſius deſignatur. 


Hæc Ifagoge, & ſcholium propoſitionis ultimæ, ſcripta ſunt ubi liber prodiit ; reliqua ex MS 
antiquo, manibus amicorum trito, impreſſa ſunt, 


4 i Tandem 
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Tandem ubi prodiere Newtoni Libri de Numero Curvarum ſecundi generis, de- Ne Lxxlx. 
que quadraturd figurarum, editores Attorum Lipſienſium, flylo Leibnitiano, 


 ſynopfin libri prioris his verbis concluſerunt. Vide Act. Lipſ. Fanuarii 1705. 


Ceterum autor non attigit facos, vel umbilicos, Curvarum ſecundi generis; & 
multo minus generum altiorum, Cum { ergo ea res abſtrufioris fit indaginis, 
& maximi tamen in hoc genere uſiis, tum ad deſcriptiones, tum ad alias pro- 
prietates Cur varum, & doctrina hœc focorum ab illuſtriſimo D. & D. T. profun- 
dins fit ver ſala; ſupplementum ejus pro his Cur vis ab ipfius ingenio expettamus. 


Dein libri alterius ſynopſin ſequentem, fi ſynopſis dici mereatur, eodem 
ſtylo ſubjunxerunt. 


Ingeniofiſſimus deinde autor, antequam ad quadraturas Curvarum, vel potius 
gurarum curvilmearum, || veniat, præmittit brevem Iſagogen, Que ** ut 
meliùs intelligatur, ſciendum eſt, cam magnitudo aliqua continue creſcit, veluti 
linea, exempli gratid, crejeit fluxu puncti quod eam deſcribit, ++ incrementa 
illa momentanea appellari differentias; nempe inter magnitudinem que antea erat, 
& guæ per mutationem momentaneam eft producta; atque hinc natum eſſe cal- 
culum aifferentialem, eique reciprocum ſummatorium; cijjus elementa ab inven- 
tore D. Godefrido Guilielmo Leibnitio in his Aetis ſunt tradita; varique uſus 
tum ab ipſo, tum d D. D. Fratribus Bernoulliis, tum & D. Marchione Hoſ- 
pitalio {cujus nuper extincti immaturam mortem omnes magnopere dolere debent, 
qui profundioris doctrinæ proſectum amant } ſunt gſtenfi. Pro differentiis gitur 


Leibnitianis D. Newtonus I adbibet, ſemperque adbibuit, fluxiones ; quæ 


ſunt quam proximè ut fluentium argumenta, æqualibus temporis pariiculis 
quam minimis genita; iiſque, tum in ſuis Principuis Nature Muthematicis, 
tum in aliis poſtea editis, eleganter eft uſus; quemadmodum & Honoratus Fabrius 
in ſud Synopſi Geomeiricd, motuum progreſſus Cavalleriauæ methodo ſubſiituit. 


Subinde editores vice ſymbolorum Newton deſcribunt ſymbola Leib- 
nitii, & poſtea librum Newtont fic breviter attingunt. 


m regreſſus d differentiis ad quantitates, vel 8 quantitatibus ad ſummat, vel 


denique @ fluxionibus ad fluentes non ſemper algebraice fieri poſſit ; ideo quarendum 
eſt, tum quibus cefivus quadratura algebraice ſuccedat, tum quomodo, algebraico 
ſucceſſu deficiente, aliguid ſubſidiarium adbiberi queat. Inutroque enim a D. New- 
tono eft utiliſſimè laboratum, tum alids, tum in hoc tratlatu de quadraturis; ubi 


** Ut Iſagoge meliùs intelligatur, Leibnitius deſcribit calculum ſuum differentialem, & omittit 
calculum Newtonianum, quem ſolum deſcribere debuiſſet. Hoc fecit, non ut calculus Newto- 
nianus, in Tſagoge traditus meliùs intelligatur, ſed ut rejiciatur. 3 

++ Incrementa illa momentanea Newtonns momenta, Leibnitius poſtea differentias vocavit. Et 
inde natum eſt nomen calculi differentialis. | | | | 5 

41 Senſus verborum eſt, quod Newtonus fluxiones differentiis Leibnitianis ſubſtituit, quemad- 
modum Honoratus Fabrius motuum progreſſus Cavallerianæ methodo ſubſtituerat; id eſt, quod 
Leibnitius author primus fait hujus methodi, & New tonus eandem a Leibnitio habuit, ſubſtitu- 
endo fluxiones pro differentiis, 
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ſeries adbibet infinitas; que, eo caſu quo abrumpuntur, ſeu fintuntur, quæſitum 
algebraice exhibent. De * quo etiam dictum eft nuper in recenfione tractatus D. 
Cbeynæi, Medici Scoti Londini degentis. Conferri etiam poteft tractatus D. 
Craigii Scoti de Yuadraturis, & ejuſdem theorema ad quaaraturas pertinens, 


nuper in his Actis exhibitum: qua faciunt etiam, ut ipſis theorematis Newtonia. 


nis recenſendis ſuper ſedeamus, quia paucis exponi non poſſunt : que madmodum 
nec ejuſdim theoremata quædam reductionis ad quadraturas faciliores. 


His permotus D. Joannes Keill, in epiſtola in Philoſophicis Tranſactioni- 
bus A. C. 1708, menſibus Septemb. & Octob. impreſſa, fcripht in con- 
trarium, quod Fluxionum Arithmeticam, fine omni dubio, primus in- 
venit Dominus Newtonus, ut cuilibet ejus epiſtolas, a Walliſio editas, le- 
genti facilè conſtabit. Eadem tamen arithmetica poſtea, mutatis no- 


mine & notationis modo, à Domino Leibnitio in Actis Eruditorum edi- 


N*LEXX, Epiſtola D. Leibnitii ad D. Hans Sloane Regiæ Societatis Secretarium, 


4 Marti S. N. 1711 data. 


SGratias ago, quod noviſſimum volumen præclari operis Tran ſactionum 
Philoſophicarum ad me miſiſti; quamvis nunc demum mihi, Berolinum 
excurrenti, redditum fit. Itaque excuſabis, quod pro munere ſuperioris anni 
nunc demum gratiæ, dudum debitæ, redduntur. nr mY 1 

Vellem inſpectio operis me non cogeret, nunc ſecunda vice, ad vos quere- 
lam deferre. Olim Nicolaus Fatius Duillierius me pupugerat, in publico 


ſeripto, tanquam alienum inventum mihi attribuiſſem. Ego eum in Adis 


Eruditorum Lipſienſibus meliora docui; & vos ipſi, ut ex literis a Secre- 
tario Societatis veſtræ inclytæ (id eſt, quantum memini, a teipſo) ſcriptis 
didici, hoc improbaftis. Improbavit Newtonus ipſe vir excellentiſſimus, 
quantum intellexi, præpoſterum quorundam hic in re erga veſtram gen- 
tem & ſe ſtudium. Et tandem D. Keillius in hoc ipſo volumine, menſe 
Sept. Octob. 1708, pag. 185, renovare ineptiſſimam aecuſationem viſus eſt; 


cum ſeripſit, Fluxiomum Arithmeticam d Newtono inventam, mutalo nomine 


& notatiinis modo, d me editam fuiſſe, Quz qui legit, & credit, non poteſt 
non ſuſpicari, alterius inventum a me, larvatum ſubdititus nominibus cha- 
racteribuſque, fuiſſe protruſum. Id quidem quam falſum fit, nemo melius 
ipſo D. Newtono novit. Certe ego nec nomen calculi fluxionum fando 
audivi ; nec characteres, quos adhibuit D. Newtonus, his oculis vidi, ante- 
quam in Wallifianis operibus prodiere. Rem etiam me habuiſſe, multis 
antè annis quàm edidi, ipſæ literæ apud Walliſium editæ demonſtrant. 
Quomodo ergo aliena mutata edidi, quæ ignorabam. | 

Etſi autem D. Keillium, a quo magis præcipiti judicio quam malo animo 
peccatum puto, pro calumniatore non habeam ; non poflum tamen non ip- 
ſam accuſationem in me injuriam pro calumnia habere. Et quia verendum 


elt,. 


..* Senſus eſt, quod, quæ Newtonus habet in hoc tractatu de quadraturis, & ſpeciatim de qu 
draturis illis ubi ſeries abrumpuntur, vel finiuntur, à Cheynzo & Craigio prius dicta ſunt, & in 
his Aus nuper exhibita; quæ, quia multa ſunt, faciunt, ut à New tonianis recenſendis editores Ac- 
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eſt, ne ſæpe vel ab improbis, vel ab imprudentibus repetatur ; cogor reme- 
dium ab inclytà veſtrà Societate Regia petere. Nempe æquum efle vos ipſi, 
credo, judicabitis, ut D. Keillius teſtetur publicè, non fuiſſe ſibi animum 
imputandi mihi, quod verba inſinuare videntur, quaſi ab alio hoc quicquid 
eſt inventi didicerim, & mihi attribuerim. Ita ille & mihi læſo ſatisfaciet, 
& calumniandi animum A ſe alienum eſſe oſtendet; & alits, alias ſimilia alj- 
quando jactaturis, frenum I Quod ſupereſt vale & fave. 

Dabam Berolini 4 Marti 1711. 


Epiſtola D Johannis Keill, Z. M. ex Aide Cbriſti Oxon. R. S. Socir, & Ne LIXXXI. 


jam Aſironomiæ Profeſoris Saviliani, ad D. Hans Sloane, M. D. W 


Societatis Secretarium, cum D. Leibnitio communicanda. 


Cùm D. Leibnitii epiſtolam mecum Vir Cl. communicare a ſis; 
ea etiam, quæ mihi viſum fuerit reſcribere, ne graveris accipere. Sentio 
virum egregium acerrimè de me queri, qual) ei injuriam fecerim, & re- 
rum à ſe inventarum gloriam alto tranſtulerim. Fateor querelam hanc ideo 


mihi moleſtam eſſe; quod nolim, ea fit de me hominum opinio, quaſi ego 


calumniandi ſtudio, cuiquam in rebus mathematicis verſanti, nedum viro 


in uſdem verſatiſſimo, obtrectarem; certè nihil ab ingenio meo i alie- 


num eſt, quam alterius laboribus quicquam detrahere. 
Apnoſco me dixifle fluxionum Arithmeticam a D. Newtono inventam 


fuiſſe, quæ mutato nomine & notationis modo, a Leibnitio edita fuit. Sed 


nollem hæc verba ita accipi; quaſi aut nomen, quod methodo ſuæ impoſuit 


Newtonus, aut notationis formam, quam adhibuit, D. Leibnitio innotu- 


iſſe contenderem: ſed hoc ſolum innuebam, D. Newtonum fuiſſe primum 
inventorem Arithmeticæ fluxionum, ſeu calculi differentialis; eum autem 
in duabus ad Oldenburgum ſcriptis epiſtolis, & ab illo ad Leibnitium tranſ- 
miſſis, indicia deditle, perſpicaciſſimi ingenii viro fatis obvia, unde Leib- 
nitius principia iſtius calculi hauſit, vel faltem haurire potuit: at gum lo- 
quendi & notandi formulas, quibus uſus eſt Newtonus, ratiocinando alle- 
qui nequiret vir illuſtris, ſuas impoſuit. 

Hzc ut ſcriberem, impulerunt Actorum Lipſienſium Editores; qui i in ed 
quam exhibent, operis Newtoniani de fluxionibus ſeu quadraturis enarra- 
tione, diſertè affirmant D. Leibnitium fuiſſe iſtius methodi inventorem; & 
Newtonum aiunt pro differentiis Leibnitianis fluxiones adhibere, ſemper- 
que adhibuiſſe. Id quidem in iiſdem ſeriptoribus obſervatu dignum; quod 
loquendi & notandi formam, a Newtono adhibitam, in Leibnitianarn paſſim 
in eadem enarratione transferunt ; de differentiis ſcilicet, & ſummis, & cal- 
culo ſummatorio loquuntur, de quibus eſt nullus apud Newtonum ſermo: 
quaſi inventa Newtoni Leibnitianis poſteriora fuerint. & à calculo Leib- 
nitii, in Actis Lipſienſibus anno 1684 deſcripto, ortum derivarint. Cum re- 
vera Newtonus, ut ex ſequentibus patebit, fluxionum methodum invene- 
rit, octodecim ſaltem annos antequam Leibnitius quicquam de calculo diſ- 


torum ſuperſedeant, Et eodem ſenſu D. Leibnitius ad Secretarium Societatis Regiæ nuper ſerip- 
fit, ſuum cuique hie redditum eſſe, quaſi ſecundam Newtoni ad Oldenburgum epiſtolam, ad ſe 
Giffam, & ſupra nn. nunquam legifſet, Vide pag. $44——547* 
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ferentiali edidiflet, | tractatumque de ea re conſcripſerit ; cujus cùm ſpeci- 
mina quædam Leibnitio oſten ſa ſint, rationi non incongruum eſt, ea adi. 
tum illi ad calculum differentialem aperuiſſe. bs 
Onde ſi quid de Leibnitio liberiùs dixiſſe videar, id eo animo feci, non. 
vt ei quicquam eriperem ; fed ut quod Newtoni eſſe arbitrabar, auctori fuo 

„„ „ß 1 . 
Maxima equidem eſſe Leibnitii in rempublicam literariam merita, lubens 
agnoſco; nec eum in reconditiore matheſi ſcientiſſimum eſſe, diffitebitur, 
qui ejus in Actis Lipſienſibus ſcripta perlegerit. Cum autem tantas tam- 
que indubitatas opes de proprio poſſideat; certè non video, cur ſpoliis ah 
allis detractis onerandus ſit. Quare cùm intellexerim, populares ſuos ita illi 
favere, ut eum laudibus non ſms accumulent; haud præpoſterum in gentem 
noſt ram ſtudium eſſe duxi, fi Newtono, quod ſuum eſt, tueri & conſervare 
anniterer : nam fi Lipſienſibus fas fuerit, aliena Leibnitio affingere, Bri- 
tannis ſaltem ea, quæ a Newtono erepta ſunt, fine crimine calumniæ repoſ- 
cere licebit. Itaque cum ad Regiam Societatem appellet vir illuſtris, me- 
que publicè teſtari velit, calumniandi animum à me alienum eſſe; ut ca- 
lumniandi crimen à me amoveam, mihi oſtendendum incumbit, D. New- 
tonum verum & primum fuiſſe Arithmeticæ fluxionum, ſeu calculi diffe- 
rentialis, inventorem; deinde ipſum adeo clara & obvia methodi ſue indi- 
cia Leibnitio dediſſe, ut inde ipfi facile fuerit, in eandem methodum in- 
cidere. hy 
Sciendum vero primum eſt, celeberrimos tunc temporis geometras, Do- 
minos Franciſcum Sluſium, Iſaacum Barrovium, & Jacobum Gregorium, 
methodum habuiſſe, qui Curvarum tangentes ducebant, quæ a fluxionum 


methodo non multum abludebat; & iiſdem principiis innixa fait. Nam 
ſi pro litera o, quæ in Jacobi Gregorii Parte Matheſeos Univerſali quanti- 


tatem infinite parvam repræſentat; aut pro literis a vel e, quas ad eandem 


deſignandam adhibet Barrovius; ponamus x vel y Newtoni, vel dx ſeu dy 


Leibnitii; in formulas fluxionum, vel calculi differentialis, incidemus: & re- 
greſſus, quo à data tangentium proprietate ad naturam Curvæ perveniebant, 
quem methodum tangentium inverſam nominabant, eadem plane res erat, 
ac methodus qui a fluxionibus ad fluentes revertitur: interim ſuam me- 
thodum non ultra fluxiones primas extendebant ; neque eandem ad quanti- 
tates ſurdis aut fractionibus involutas accommodare potuerunt. At prius 
quam quicquam de hoc argumento a ſummis hiſce viris publico datum eſt, 
D. Newtonus methodum excogitavit, priori quidem non diſſimilem, fed 
multo latius patentem ; quæ non ſubſtitit ad æquationes eas, in quibus una 
vel utraque quantitas indefinita radicalibus eſt involuta; ſed, abſque ullo 
æquationum apparatu, tangentem confeſtim ducere monſtrabat; quæſtiones 
de maximis & minimis eodem artificio tractabat; & ſpeculationes de qua- 
draturis facilius explicuit. Hæc conſtant ex epiitola Newtoni, ad D. Colli- 
nium dati, Decembris die 10, anno 1672, & inter Collinii chartas re- 
perta. | | | 
Hac epiſtola habetur impreſſa N XXVI. 
3 4 


Ex 
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Ex hae epiſtolà clarè conſtat, D. Newtonum methodum fluxionum ha- 
buiſſe ante annum 1670, eodem nempe quo Barrovii Lectiones editæ ſunt. 


nuper edidit. Sub hujus fine habetur demonſtratio regulæ pro Quadratu- 


ris Curvarum, nata ex proportione augmentorum naſcentium abſciſſæ 


Eodem etiam ſpectat ejuſdem Prop. vi. ſed ad caſus magis implicatos 


monſtrandis præmiſſa. Secunda autem in quadraturis Propoſitio extat 
tractatu de Analyſi per uationes Infinitas, & prima propoſitio eſt 


ſunt cum iis, quas tabula ſecunda ad ſcholium Propoſitionis x. in tracta 


fuiſſe, quinquennio ſaltem antequam epiſtolæ illæ ad Oldenburgum ſcri 


pla, quam in di epiſtold fundamentum operationum vocat, & tranſp 
ſitis literis celari tunc voluit. Scribit etiam Newtonus, ſe dudum theore- 
mata quædam, quæ comparationi Curvarum cum ſectiouibus conicis inſer- 
viant, in catalogum retuliſſe; & ordinatas Curvarum, quæ ad eam normam 
comparari poſſunt, in eãdem epiſtola deſcribit; que profecto exdem plane 
5 tu. 
de quadraturis, exhibet; unde ſatis liquet tabulam illam & Propoſitiones- 
VII, VIII, 1X & x, quæ ſunt in tractatu de quadraturis (a quibus tabula 
pendet) Newtonum dudum iuveniſſe ante annum 1676, quo ſeripta oſt 
epiſtola illa poſterior. Cum vero, in prima ad Oldenburgum epiſtolä, di- 
cit ſe ab ejuſmodi ſtudiis per quinquennium abſtinuiſſe; hinc ſatis clare col- 
ligi poteſt, propoſitiones in tractatu de quadraturis a D. Newtono inventas 


& 


ordinate, cum abſciſſa fit 2, & ordinata K*; quæ quidem demonſtratio 
commune fundamentum eſt tam doctrinæ fluxionum, quam calculi diffe- 
rentialis. Ex eq autem tractatu non pauca, amicis ſuits communicanda, de- 
prompſit Collinius: unde certum eſt, D. Newtono, ante illud tempus, 
fluxionum Arithmeticam innotuifle. Præterea conſtat ex poſteriore New- 
toni ad Oldenburgum epiſtola, eum, ſuadentibus amicis, cirea annum 
1671 tractatum de hiſce rebus conſcripſiſſe; quem, una cum theoria lu- 
cis & colorum, in publicum dare ſtatuerat: ſcribitque Oldenburgo, ſeries 
infinitas non magnam ibi obtinuiſſe partem; ſeque alia haud pauca con- 
geſſiſſe, inter quæ erat methodus ducendi tangentes, quam ſolertiſſimus 
Sluſius, ante annos duos treſve, cum Oldenburgo communicaverat; ſed 
quæ generalior facta, non ad æquationes, quæ ſurdis aut fractionibus 
involutæ ſunt, hærebat; &, eodem fundamento uſum, ad theoremata ge- 
neralia, quadraturas Curvarum ſpectantia, perveniſſe ſe ait Newtonus. 
Horum unum exempli loco in jipſà epiſtola ponit; ſeriem exhibens, cu- 
jus termini dant quadraturam Curve, cum abſciſſa eſt z & ordinatim 
applicata 4a x e +fzÞ. Quz ſeries abrumpitur, & terminis finitis Cur- 
ve quadraturam comprehendit, quandocunque illa finita æquatione expri- 
mi poteſt. Hoc dicit efle primum theorematum generaliorum ; unde ſe- 
quitur, eum alia, ad caſus difficiliores & magis mtricatos accommodata, ha- 
buiſſe: eſt autem theorema illud Propoſitio v. in tradatu de quadraturis. 


12 


extendit. Propoſitiones tertia & quarta ſunt lemmata 'Theor.. hiſce de- 
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Anno 1669 miſit Newtonus ad D. Collinium tractatum de Analyſi per No LXXXIT. 
Aquationes Infinitas; quem etiam, inter ſchedas Collinii repertum, D. Jones 
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tæ eſſent; totamque illam de fluxionibus doctrinam, ante illud tempus ul- 
terius a Newtono provectam eſſe, quam ad hunc uſque diem à quoquam 
alio factum eſt ſub nomine calculi differentialis. Certè neminem novi, ul, - 
in hac provincia peragranda, æquis paſſibus cum Newtono progreſſus {it : 
& pauct ſunt, 1que inſignes Mgt qui proſpicere queant, quouſque 
ille in eadem provincid proceflerit. Præterea, in poſteriore 1118 ad Olden- 
burgum epiſtola, modum deſeribit, quo in fenem inciderit, cujus termini 
fluxiones, ſeu differentias, quantitatum in infinitum exhibent; que poſt- 
uam inventa eſſet, dicit, peſtem ingruentem ipſum coegifle hæc Audis de- 
rere, & alia cogitare. At peſtis illa contigit annis 1665 & 1666; unde 
patet, etiam ante illud tempus fluxionum calculum D. Newtono innotu— 
iſſe; hoc eſt duodecim ſaltem annos antequam calculum ſuum Oldenburgo 
communicavit Leibnitius; & novemdecim annos antequam Vir Illuſtris 
eandem in Actis Lipſienſibus edidit: & certe ante viſas haſce duas New- 
toni epiſtolas, Leibnitium calculum ſuum differentialem habuiſſe, nulla ap- 
parent veſtigia. His omnibus ritè perpenſis, certiſſimè cuivis conſtabit, D 
 Newtonum pro vero inventore Arithmeticæ fluxionum habendum eſſe. 
NeLxxXIII. Reſtat jam ut inquiramus, quænam fuere indicia Leibnitio a Newtono 
derivata, unde ei facile foret calculum differentialem elicere. Et primo, 
ut dixi, nullibi oftendit Leibnitius ſibi notum fuiſſe calculum differentia- 
lem, ante viſas has duas Newtont epiſtolas; imo ante illud tempus lon- 
giore uſus eſt circuitu, cum res faciliùs multo & ſuccinctiùs ex calculo 
fluerent differentiali. Hujus rei teſtis ſit epiſtola, ad Oldenburgum data 31 
Novembris 1676, quæ in Operum Walliſianorum tomo tertio etiam extat, 
in qua modum tradit exprimendi rationem ſubtangentis ad ordinatam, in 
terminis quos non ingreditur ordinata; ubi ſi loco y & dy ipſarum valores 
vinculo incluſos poſuiſſet, ſtatim ſcopum attigiſſet. 5 
In prima epiſtola, que per Oldenburgum ad Leibnitium tranſmiſſa eſt, 
docuit Newtonus methodum, qui quantitates in ſeries infinitas reducendæ 
ſint, i. e. qui quantitatum fluentium incrementa exhiberi poſſunt In ipſo 
enim initio ſeriem oftendit, cujus termini hæc incrementa repræſentant. 
Sed illa D. Leibnitium prorſus latebat, ante viſam Newtoni . qua 
expounitur. . | 
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Sit o incrementum momentaneum quantitatis fluentis x, & 2 index 
dignitatis ejuſdem, & fi pro x ſcribatur x +0, x +20, # + 3%, x 40, &c. 
& quantitates x +”, x+2c]", x+3 )*, x + 45", &c. in ſeries infinitas 


expancantur; habebimus totidem ſeries, quarum prima hec eſt, que ſe- 
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nibus ſeriebus primus terminus erit ipſa quantitas fluens x“; & ſi prior 
quælibet ſeries a poſteriore auferatur, habebimus harum ſerierum differen- 
tias primas; in quibus omnibus primus terminus eſt ſerici prime terminus 
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primus, quem ingreditur quantitas o; ſcilicet S &, evaneſcente 0; fit 
ille terminus differentus hiſce primis æqualis; vel quod idem eſt, erit quan- 
MmM—R . 
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titas ox „ fluentis incrementum primum. 


Præterea ſi differentia quælibet prior à poſteriore auferatur, deveniemus 
ad differentias ſecundas; quarum omnium terminus primus per 2 diviſus, 
idem eſt cum termino ſecundo ſeriei prime, quem ingreditur quantitas o; 
&, evaneſcente o, fiunt differentiæ illæ per binarium diviſæ ſingulæ æquales 


m—3J1n 


| o „ . Fx a . » 2 = n un l 8888 8 o 
termino illi primo ſeriei, qui eſt - - % Et eodem modo invenie- 
1 ; ; A FOE 1 * 31 + 2 m 31 15 

I . 92 0 . n . : 
mus ſupra deſcripte ſeriei terminum F o , æqualem eſſe 


ſingulis differentiis tertiis, per ſex diviſis. Et quilibet terminus ejuſdem ſe- 
net ad differentias reſpectivas ſemper habebit datam rationem; ſcilicet ter- 


minus primus, quem ingreditur o, æqualis eſt differentiis ꝑrimis; ſecundus 
eſt differentiarum ſecundarum pars media; tertius, pars ſexta differentia- 
rum tertiarum, &c. Haſce ſeries, quarum termini differentias omnes in: 
infinitum repræſentant, invenit Newtonus, uti dixi, ante annum 1665; 


ſed illæ ante viſam Newtoni epiſtolam, in qua exponitur, D. Leibnitium 


* latebant: nam ante illud tempus agnoſcit Leibnitius, ſemper ipſi neceſſe 
fuiſſe tranſmutare quantitatem irrationalem in fractionem rationalem, & 


deinde, dividendo Mercatoris methodo, fractionem in ſeriem reducere. 
Exinde etiam patet ſeriem hanc, differentias continentem, non habuiſſe D. 
Leibnitium, quod poſtquam ipſi per Oldenburgum oſtenſa eſt, “ rogat, ut 


D. Newtonus ipſius originem ſibi pandat. 


Sit jam quantitas quælibet, ex conſtanti & indeterminatis uteunque com- 


poſita, & vinculo incluſa; ſcilicet a + bx" 3 cujus differentia habenda eſt. 
Conſtat, per regulam priùs traditam, quantitatis a +#x* differentiam efle 
chx0, poſito quòd o fit incrementum momentaneum fluentis v. Quare ſi 


* 


pro a 4 ſcribatur 2, & pro cbx—"0 ſcribatur , erit a + bx* Tc = = 
7 m | | : 


Tra“; quæ ſi per regulam. Newtonr. in ſeriem expandatur, fit 2" ＋ 


m—n m—1 


ml . j 3 0 7 Or | . . . . 
- W% ” &c. cujus ſeriei terminus == w3. eft difterentia prima quanti- 


—— 


— — 
n 


tatis 3, ſeu @a+0x|". Unde fi loco z & reſtituantur ipſorum valores, , 


0 . 6 . : . - me m „ 
a ＋ & cbx io, habebimus differentiam quantitatis a + 6x" = chr 10 * 


MM] 5 | 
a+bx|”". ; vel fi more Leibnitiano pro o ponatur. dæ, erit quantitatis 
m m—n 5 S 
a Tb differentia =cbx—"drx x ATH“; ubi videmus quantitatem dii»- 
* . . | 


* Vide epiſtolam Leibnitii ad Oldenburgum 27 Auguſti 1676, pag. 537: 
ferentialem, 
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ferentialem, chridr, extra vinculum ſemper manere. Atque hinc fa- 


cile fuit D. Leibnitio, ope regulæ Newtonianæ, differentias quantitatum 
omnium exhibere, utcunque quantitates fluentes ſurdis aut fractionibus 
ſint implicatæ: id quod ante epiſtolicum illud, per Oldenburgum, cum 
Newtono commercium ipſi minimè notum fuit. , 
Quamvis hæc per ſe ſatis manifeſta ſunt calculi differentialis indicia ; in 
ſecundi tarnen epiſtola, quz per Oldenburgum ad Leibnitium miſſa eſt, 
alias adhuc clariores deſcribit Newtonus methodi ſuæ notas. Dicit enim, 
ſe habuiſſe methodum ducendi tangentes, quam ſolertiſſimus Sluſius ante 
annos duos treſve Oldenburgo impertitus eſt, ita ut habito ſuo fundamento 
nemo poſſet tangentes aliter ducere, mſi de induſtria a recto tramite erra- 
ret. Qvinetiam ibi quoque oſtendit Methodum hanc non herere ad 
0 Equationes, quibus una vel utraque quantitas indefinita radicalibus invo- 
luta eſt; fed abſque ullà æquationum reductione, que opus plerumque 
redderet immenſum, tangentem con feſtim duct; & eodem modo in quæſ- 
« tionibus de Maximis & Minimis, aliiſque quibuſdam, rem fic ſe habere. 
„Fundamentum harum operationum dicit eſſe ſatis obvium, quod tamen 
« tranſpoſitis literis in illà epiſtola celare voluit. Hoc etiam adjicit; hoc 
* fundamento ſpeculationes de quadraturis Curvarum ſimpliciores fe reddi- 
difle ; & ad theoremata quædam generalia ſe perveniſſe ſcribit.“ 
Cum vero methodus Sluſiana tune temporis Leibnitium minimò latere 
potuit, utpote in Actis Philoſophicis Londini publicata :- cumque New- 
tonus dicit, eandem & ſibi innotuiſſe, ex fundamento, quo habito non hæ- 
rebat ad æquationes radicalibus utcunque involutas ; in qua quidem tota 
rei difficultas poſita eſt: cumque in priore epiſtola ſeriem 41 cu- 
Jus ope differentiæ haberi poſſunt, ubi fluentes ſurdis aut fractionibus ut- 
eunque implicatæ ſunt: cùm denique idem fundamentum ad quadraturas 
Curvarum ſe applicuiſſe dicit: minimè dubitandum eſt, hæc omnia facem 
Leibnitio prætuliſſe, quo faciliùs methodum Newitoni perſpiceret. 

Quod fi hzc non ſuffeciſſe videantur indicia; etiam ulterius proceſſit 
Newtonus, & exempla methodi ſuæ dedit, & regulam oftendit, qua ex 
datis quarundam Curvarum ordinatis, earundem areæ exhibentur in termi- 
nis finitis, cum hos fieri poteſt; hoc eſt, in ſtylo Leibnitiano, ipſi exem- 
pla tradidit, quibus a differentiis ad ſummas pervenitur. Et a ſimpliciori- 
bus orſus, * proponit primo parabolam, cujus abſciſſa eſt 3, & ordinatim 
applicata az = alzt; & Curve area erit 24; hoc eſt, quando diffe- 


. 1 3 
rentia areæ eſt dz x Jar, ſeu alzi x dz, oſtendit fore aream 2 44 unde 


7 
viciſſim concluditur, ſi quantitas differentianda fit 421, fore ejus differen- 
tiam 3 #2idz ſeu :; dzVaz, Exemplum ejus ſecundum eſt Curva, cujus ab- 


> * * By 4 - . 
ſcifla eſt z, & ordinatim applicata — ubi oſtendit Newtonus Curve 
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od 


: os „eudz . 
„: hoc eſt, ſi differentia areæ fit . oſtendit aream 


* Vade pag. 546, 
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poteſt differentiam fore * Vel ſi ejuſdem eurem ordinata ſic enun- 
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2 
1 42 d 


= erit Alterentig - — —. 
a N Ar 
Ilinc ad exempla 1 difficiliora progreditur Newtonus; in 1 iiſque 
oſtendit, quomodo ab ordinatis, hoc eſt a ditterentiis, ad funden perveui- 
endum fit: ex quibus patebit, Cuream omnem quadrabilem fore, cujus or- 
dinata, in differentiam abſciſſæ ducta, fit quantitatis alicujus differentia; & 
hinc innumera Curvarum genera aſſignari poflunt, etiam geometricè qua- 
drabilia. 
His indiciis atque his adjutum exemplis, ingenium vulgare methodum 
Newtonianum penitus diſcerneret; 4 ita ut ne {utpicarl fas lit, eam acerri- 
mum Leibnitii acumen poſſe latuifle ; quem quidem uſum fuiſſe his ipfis 
clavibus, ad hc {ua quæ feruntur inventa, aditum, etiam ex ipfus ore 
jatis elucetcit. Nam in epiltold ad Oldenburgum data, poſt explicatum 
calculum differentialem, exemplum addit, quod coincidere agnoſcit cum 
regula Slutanaz & poſtea addit. * Sed methodus pſa priore noſtra 
0 longe eſt amplior: non tantùm enim exhiberi poteſt, cam plures ſint li- 


tas diſterentianda fi 


teræ indeterminatæ quam * & y: quod ſœpe fit maximo cum fructu: ſed. 


« & tune utilis eft, cum interveniuut Irrationales; quippe quæ eam nuilo 
„% morantur mad: neque ullo modo necefle ett ee dn tolli; quod 1 in 
6 regulà Sluſii neceſſe eſt, & calculi difficultatem in immenſum auget.“ 
H:ec omnia a Newtono priùs, in ſecundä ejus epiſtola, dicta ſunt. Inde ex- 
empla proponit, quorum quidem quod primum eſt, neſcio quo fato, idem 
prorſus eſt ac id, quod, in el epiſtola quam Leibnitio tranſmiſerat Olden- 
burgus, etiam primum protulerit Newtonus. 

Mox addit vir illuſtriſſimus,“ „ Arbitror, quæ cclare voluit Newtonus 
de tangentibus ducendis, ab his non abludere. Quod addit, ex hoc fun- 
* damento quadraturas gueque reddi faciliores, me in hac ſententia con- 
firmat. Nimirum ſemper figure illæ ſunt quadrabiles, quæ ſunt ad æ- 
„ quationem ditterentialem. Æquationem differentialem voco talem, qua 
valor ipſius dx exprimitur, quæque ex ali derivata eſt, qua valor ipſius 
A x exprimebatur.” 
aperit; dicitque hanc unicam regulam pro infinitis figuris quadrandis inſer- 
vire, diverſæ plane naturæ ab us quæ hactenus quadrari ſolebant. us 
eſt jam, qui hc perpendet, & non videbit, indicia & exempla Newton ſatis 
a Leibnitio perſpecta fuiſſe; ſaltem quoad differentias primas? Nam quoad 
differentias ſecundas, 38 methodum Newtonianam tardius intel- 
lexiſſe videtur, quod brevi forſan clarius monſtrabo. 

Interim facile illuſtri viro aſſentior. & credo eum nec nomen calculi 
flux ionum fando audiviſſe; nec characteres, quos adhibuit Newtonus, oculis 


* Vide pag. 560, ;6c. 


Vor. IV. 4 F . vidiſſe, 


Et paulo poſt, ſuam de hic re ſententiam pleniùs 
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vidiſſe, ante quam in Walliſianis operibus prodiere. Obſervo enim, ipſum 
Newtonum ſæpius mutafle nomen & notationem calculi. In tractatu de 
Analyſi Aquationum per Series Inſinitas, mcrementum abſeiſſæ per lite- 


ram o deſignat: et in Principiis Philoſophiæ fluentem quantitatem geni- 


tam vocat, ejuſque incrementum momentum appellat: illam literis majo- 
ribus, A vel B, hoc minuſculis, a & &, deſignat. | | 
Id etiam ultra agnoſco; inter ctera quæ de re mathematica preclare 
meritus eſt Leibnitius, hoc itidem illi debert ; quod primus fuerit, qui calcy- 
lum hunc typis edidit, & in publicum produxit : itaque eo ſaltem nomine 
magnam apud matheſeos amantes inibit gratiam, quod inventum ita no- 
bile, & in multiplices uſus deducendum, diutius eos noluerit latere. 
Habes, Vir Cl. quæ de hoc argumento ſcribenda duxi; unde facile credo 
percipies, hoc qualecunque fuerit meum in gentem noſtram ſtudium, ita 
parum præpoſterum fuiſſe, ut nihil omnino niſi quod Newtoni erat, Leib- 
nitio detraxerim ; nec dubito, quin æqui rerum æſtimatores uno ore fatean- 
tur me, uti nullo calumniandi animo, ita nec præcipiti judicio, ea dixiſſe, 


quæ tibi tot argumentis luce meridiana clarius comprobavi. 


Lecia eft hœc epiſtola coram Regie Societate, in conventu die 24 Maii 1711 
habito; & ut exemplar ejus D. Leibnitio mitteretur, D. Sloane Secretario jus 
mandatum eft. | I 


Ep:/tola D. Leibnitii ad D. Hans Sloane M. D. & R. S. Sec. 


Quæ D. Johannes Keillius nuper ad te ſcripſit, candorem meum aper- 
tiùs quam ante oppugnant: quem ut ego hac ætate, poſt tot documenta 
vitze, apologia defendam; & cum hom ine do o, ſed novo, & parum perito 
rerum anteactarum cognitore, nec ® mandatum habente ab eo cujus inter- 
eſt, tanquam pro tribunali litigem; nemo prudens æquuſque probabit. 
wuz ille de meo rem cognoſcendi modo ſuſpicatur, haud ſatis exercita- 
tus artis inveniendi arbiter, ipſius quidem docendi cauſi non eſt cur refel- 
lam: ſed norunt + amici, quam longe alio, & ad alia proficuo, itinere procet- 
ſerim. Fruſtra ad exemplum AQorum Lipſienſium provocat, ut ſua dicta 


excuſet; in illis enim circa hanc rem quicquam cuiquam det ractum non 


reperio, ted potius paſſim 7 ſuum cuigue tributum. Ego quoque & amici 


Qymaſi methodum Montoni, & ſeries Brounkeri, Waltifii & Gregori, aliorumque inventa nen 
liceat propriis authoribus, nig authoritate ab his agceptä, aſſerere. 

+ dramiei ili ſunt Germani, invenit is hanc methodum poſt reditum ſuum in Germanium. 

+ Scripierit Keilius in hac verba. lac ut ſcril erem, rf alerunt Aftorum T pfienfium Editores; qu, 
cd quan eahibent eperis Newtoniani de fluxienibus ſeu quadraturis enarratione, ſertè affrmant, D Le'v- 


%1 24 2 ; 8 . 3. _— . *, © . * 4 6 3 2 
nitium ſulſſe iſtius methodi inventorem, & Newtonum aiunt pro diferentiis Leibuitianis Hutu, adh ere 


Yemperque advibuiſſe, 
reddidiſſent. 


$ In epiſtoia Aug. 27, 1676, properavit ſe coinventorem methodi ſerietum proponere. In 


Leibnitius editores hie palam defendit contra Keillium, quaſi ſuum cuigue 


epiſtolaà Junii 21, 1677, properavit methocum ut ſuam deſcrihere, de Gui Newtonus tractatum 


unte annos quinque ſcripe rat. In ſeledis tribus anno 1689 impretis, properavit propoſitioncs 


principales Principiorum Philoſophiæ ad calculu n ſuum revocatas in lucem edere, ut in inventoris 
zura veniret, | 


# Probandum f. 


aliquotics 


YN 
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aliquoties oſtendimus, libenter a nobis credi, illuſtrem Fluxionum autorem 
per ſe ad ſimilia noſtris fundamenta perveniſſe. Neque eo minds ego in 
inventoris jura venio; quæ etiam Hugenius, judex intelligentiſſimus in- 
corruptiſſimuſque, publicè agnovit: in quibus tamen mihi vendicandis 8 
non properavi; ſed inventum || pluſquam nonum in annum prefſi, ut ne- 
mo me præcucurriſſe queri poſſit. eee e bee euer 
Itaque veſtræ æquitati committo, annon coercendæ ſint vanæ & injuſtæ 
voci ferationes; quas “* ipſi Newtono, viro infigni, & geſtorum optime con 
{cio, improbari arbitror : ejuſque ſententiz ſuæ libenter daturum indicia 
mihi perſuadeo. | | 1 FA 


Vare, Dabam Hannoveræ 29 Decemb. 171. 


Cum D. Leibnitius a D. Keill, ut homine novo, ad Societatem Regiam pro- NeLxXXXVI. 
vocaret; Societas juſſit monumenta antiquiora conſult; & ſocus aliquot, 
qui his examinandis aptiores viderentur, in mandatis dedit, ut in hanc 

rem inquirerent; & quæ in ſcriptis antiquis invenirent, ad ſe referrent, 
una cum eorum ſententid. Et arbitrorum conſeſſus collectionem ex epiſ- 


tolis & aliis MSS. ſupra impreſſam ad Societatem retulerunt, una cum 
eorum ſententià ſequente. at 


e have conſulted the letters and letter-books in the cuſtody of the Royal 
Scciety, and theſe found among the papers of Mr. fobn Collins, dated be- 
tween the years 1669 and 1677 inclufrve ; and ſhewed them to ſuch as knew 
and pines 6 the hands of Mr. Barrow, Mr. Collins, Mr. Oldenburg, and 
Mr. Leibnitz ; and compared thoſe of Mr. Gregory with one another, and 
with copies of ſome of them taken in the hand of Mr. Collins ; and have ex- 
tracted ſrom them what relates to the matter referred to us; all whith ex- 
tracts berewith delivered to you, we believe to be genuine and authentick, And 
by theſe letters and papers we find, 
I. That Mr. Leibnitz was in London in the beginning of the year 1673 ; 
and went thence in or about March to Paris; where he kept a correſpondence 
with Mr: Collins, by means of Mr. Oldenburg, till about September 676, and 
then returned by London and Amſterdam to Hanover: and that Mr, Collins 


* Newtonus & Leibnitius nec ſunt idonei judices nec teſtes. Ex monumentis antiquis judicium 
ferendum eſt, 


Lirtxas & literarum apographa, tam quæ in archivis Regiæ Societatis, quam quz inter char- 
tas D. Joannis Collinii afſervantur, & inter annos 1669 & 1677 datz ſu*:, inſpeximus ; & ex his, 
quæ D. Barrovii, D. Collinii, D. Oldenburgi & D. Leibnitii nomen ferebant, ex fide aliquorum 
qui eorum autographa probe noverant, ipſorum eſſe certo didicimus. Literas autem, quæ Gree 
gorium præ ſe ferebant auctorem, ipſius eſſe cognovimus fide Collinii ; qui nonnullas earum, Gre- 

gorio aflignatas, manu ſua exſcripſerat. Ex his omnibus excerplunus, quæcunque ad.rem nobis 
commiſſam pertinere videbantur ; atque illa excerpta, quz una cum ipſis.literis jam vobis tradun · 
tur, fideliter & accuratè facta eſſe comperimus. Ex his autem literis chartiſque nobis conſtat; 

I. D. Leibnitium, anno ineunte 1673, Londini fuiſſe; unde menſe Martio, vel circiter, Pariſios 
adiit; ubi literarum commercium habuit cum D. Collinio, intercedente Oldenburgo, uſque in 
mentem Septembrem 1676 : deinde per Londinum & Amſtelodamum Hannoveram reverſum eſſe: 
D. autem Collinium matheſeos peritis ea, quæ a D. Newtono & Gregorio acceperat, lubentifſime 

communicafſe, 
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was very free in communicating, to able mathematicians, _ he had received 

| from Mr. Newton and Mr. Gregory. 
| II. That when Mr. Leibnitz was the firſt time in Leier he tontenced for 
the invention of another Differenttal Methnd properly fo called; and notwith. 
franding that he cas fhewn by Dr. Pell, that it was Mfusou's method, perſiſted 
in maintaining it to be his un invention, by reaſon that he had found it by him. 
| | #e If, with:ut knowing what M.uton had done before, and had much improved 
| it. And we find no mention of his having any other Differential Method 
| than Moutou's, before his letter of the 2 1ſt. of Fune 1677, which was year 
| | : after a copy of Mr. Newton's letter, of the 1oth f December 1672, had 

teen ſent to Paris to be communicated to him; and above four years after Mr. 

Collins began to communicate that letter to his correſpondents ; in h letter, 

the method of Fluxions was ſufficiently deſcribed 10 any intelligent perſon, 

HI. That by Mr. Newton's letter of the 13th of June 1670 27 appears, 
that he had the method of Fiuxions above five years before the writing of that 
leiter. And by his Analyſis per Acquationes numero Terminorum Infini- 
tas, communicated by Dr. Barrow to Mr. Collins in July 1669, we find that 
he had invented the method before that time. 

IV. hat the Diferential Method is one and the ſame with the Method 0 
Fluxions, excepting the name and mode of Notation; Mr. Leibnitz calling 
thoſe quantities Differences, which Mr. Newton calls Moments or F luxions . 
and marking them with the letter d, a mark not uſed-by Mr. Newton. And 
therefore we take the proper queſiton to be, not who invented this or that me- 
ihod, but who was the firft inventor of the method, And we beheve, that 
thoje who have reputed Mr. Leibnitz the firft inventor, knew little or nothing 
ef bis correſpondence with Mr. Collins and Mr. Oldenburg long before 5 nor of 
Mr. Newton's having that method above fiſteen years before Mr. Leibnitz be- 
gan io publiſh it in the Acta Eruditorum of Lerpfick. 

For which reaſon, we reckon Mr. Newton the fr t inventor 3 and are e of 

opinion, that Mr. Keil, in aſſerting the ſame, has been no ways mjurious to 

Ir. Leibnitz. And wwe ſubmit lo the judgment of the Society, whether the 
extract and papers now preſented lo you, together with what ts extant 10 the 
fame purpoſe in Dr. Wallis's third volume, may not deſerve to bo made publick. 


Fits 


II. D. Leibnitium, cum prima vice Londinum adiit t, methodi cujuſdam Cifferentinlis, propriè 
ſic dictæ, te mnventorem perhibuiſſe: et etiamſi D. Pellius ipſi monttraverat, eandem antea à D. 
Moutono uſurpatam fuiſſe, haud tamen fibr inventoris jura aſſerere deftitifie ; cum quia propric, 
ut alcbat, marte ſua illa invenifizt, neudim viſis bis quæ Moutcnis priùe edidera it, tum quia p. u- 
runa acheciflet. Neque uſquam mentionem reperimus factam alterius methodi ejus differentialis, 
prater iſtam Mouton, ante literas ejus 21 Junii 1677 datas; hoc eff, anno integro poſtquam P. 
Ne toni epiftola, 10 Pecembris 1672 feripta, Pariſios, wi communicanda, tranumiſſa fuit; & qua» 
direunio pofquam D. Collinivs eandem epiftolum cum amicis communicare cœpit. In hic autem 
epitoi ircthodus fluxionum, idoneo harum rerum cognitori, evidenter ſatis deſeribitur. 

Il. Ex literis D. New toni, 13 Juni 3676 datis, manifeſtum eſt, fluxionum methodum ipfi inno- 
tuiſie, quinqueunio prins quam epiſtolam Ham d-leriberet., Et ex Analyſi ejus fer A*quationes 
nine Tefl. Tifiaitas, quam D. Barrovius cum D. Collinio mene Julio anni 166g com- 
wohdgvit, conſtat lum etiam ante illud tempus eandem excogitäſſe. 

1 Mee bodns Difterentialis una eademque eſt cum Methedo Fluxionum, ft nomen & nota— 
tiouis mod um ex cepeiis. D. Leibnitius chin cas quautitates differcutias appellat, quas D. New- 
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His autem die Aprilis 24, 1712, acceptis, Societas Regia collectionem 


epiſtolarum & MSS. & ſententiam Conſeflits imprimi juſſit; ut & quic- 


quid amplius, ad hanc hiſtoriam elucidandam idoneum, in Actis Erudito- 
rum occurreret. 15 | 


tonus Momenta vel Fluxiones ; eaſque noti literz [d] deſignat, quam non adhibet D. Newtonus. 
Rem proinde de-qui agimus hanc autumamus eſſe; non uter hanc, uter illam methodum inveue- 
rit ; ſed uter methodum ipſam, quæ unica eſt, prior invenerit. Simul illos, qui D. Leibaitium 
pro inventore primo habuere, de eo, quod inter illum & D. Collinium olim interceſſerat, commercio, 
parum aut nihil reſciviſle opitamur; neque intellexiſſe, D. Newtonum eadem methodo uſum eſſe, 
quindec im prius annos quam D Letbnitius eam in Actis Eruditorum Lipſiæ evulgare cœpit. | 

Quibus perpenſis, D. Newtonum primum eſſe hujus methodi inventorem arbitramur ; atque 
eo D. Keillium, eandem illi aſſerendo, nullo modo D. Leibnitium calumnia aut injuria affeciſſe. 


| Judicio autem Soc ietatis permittimus, utrumne excerpta literarum, reliquæque chartæ his ſub- 
nexæ, una cum 1s quz extant in tertio volumine Operum D. Walliſii huc ſpectantibus, ſimul im- 


primi, & in publicum prodire mereantur. 


- 
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[IC fubjungere viſum eſt judicium Mathematici 7 Juli 1713 datum; & chartf volante, fine 10. 
mine 88 per orhem ſparſum. „„ 


= © VipeTuR Newtonus occafionem nactus, ſerierum opus multum oromorvidy per extrnſtiones-r ra- 
| Og dicum, quas primus in uſum adhibuit ; & quidem in iis excolendis, ut verifimile eſt, ab initio 
omne ſuum ſtudium poſuit ; nec credo tunc-temporis vel ſomniavit adhuc de calculo ſuo fluxio- 
num & fluentium, vel de reductione ejus ad generales operationes analyticas, ad inſtar algorith- 

mi vel regularum arithmeticarum aut-algebraicarum. Ejuſque meæ conjecturæ [primum} va- 
< lidifimum indicium eſt, quod de literis x vel y punctatis, uno, duobus, tribus, &c. punctis ſu - 
6 perpoſitis, quas pro dx, ddx, dix; dy, ddy, &c. nunc adhibet, in omnibus iſtis epiſtolis (Com- 
merci Epiſtolici, unde argumenta ducere volunt] nec volam, nec veſtigium invenias. Imo ne 
quidem in Principiis Naturz Mathematicis Newtoni, ubi calcuio ſuo fluxionum utendi tam fre- 
quentem habuiſſet occafionem, ejus vel verbulo fit mentio, aut notam hujuſmodi unicam cer- 
nere licet ; ſed omnia fere per lineas figurarum, fine certa analyſi, ibi peraguntur, more non ipſi 
tantum, ſed & Hugenio, imo jam antea [in nonnullis] dudum Torricellio, Roburvallio, Ca- 
vallerio, aliis, ufitato. Primi vice hx literæ punctatæ comparuerunt in tertio Volumine 
operum Walliſii, multis annis poſtquam calculus differentialis jam ubique locorum invaluiſſet. 
Alterum indicium, quo conjicere licet, calculum fluxicnum non fuiſſe natum ante calculum dif- 
ferentialem, hoc eſt ; quod veram rationem fluxiones fluxionum capiendi, hoc eſt differentiandi 
differentialia, Newtonus nondum cognitam habuerit ; quod patet ex ipſis Principus Phil. Math, 
ubi non tantùm incrementum conſtans ipſius æ, quod nunc notaret per æ punctatum uno puncto, 
deſignat per o [more vulgari, qui ealculi diffe rentialis commoda deſtruit] fed etiam regulam 
circa gradus ulteriores falſam dedit {quemadmodum ab eminente quodam Mathematico dudum 
notatum eſti ... Saltem apparet Newtono rectam methodum differentiand Giferen- 
tialia non innotuiſſe, longo tempore poſtquam aliis fuiſſet familiaris.. 
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HE omnia refutantur fupra, pag. 454—458, 465—483; 489, 503, 509, 510, 512, 63%, 
536, 544, 51, 582, 585, 586. 

Methodum fluxionum utique non conſiſtit in forma ſymbolorum. Et Keillius hoc notaverat anno 
1711 (pag. 477, 585, 586.) Pro fluxionibus ipſarum x, y, x, Newtonus quandoque ponit eaſdem 
literas punctis notatas, &, 5, &; quandoque eaſdem forma majuſcula x, v, z ; quandoque lite- 
ras alias, ut p, 4,7; quandoque lineas exponentes, ut DE, FG, HI (pag. 478.) Et hoc Newtonus 
in hunc uſque diem facit, ut videre licet'in libro de quadraturis; ubi fluxiones in propoſitione 


prima denotantur per literas punctatas; in ultimà, per ordinatas Curvarum ; in introductione, per 


alia ſymbola; dum Newtonus ibi methodum fluxionum explicat illuſtratque per exempla (pag. 
478.) Pro fluxionibus D. Leibnitius nulla habet ſymhola. Is momentorum, five differentiarum 
ſymbola, dx, dy, dx, primo cœpit adhibere anno 1675; Newtonus momenta denotabat per rect- 
angula ſub fluxionibus & momento o, cam analyſin ſuam ſeriberet; anno ſcilicet 1669, aut antea. 
Leibnitius ſymbolis /, , /= pro ſummis ordinatarum uſus eſt jam inde ab anno 1686: Newto- 
nus, in analyfi ſul, eandem rem deotuvitz inſeribendo ordinatam i in n vel rectangulo ad 


hunc modum; - .' Omaia Newtoni Gabela funt | in fuo __ prima ; & e Leibnitii 


nondum obtinuerunt i in Anglia (pag. 477, 478.) 

In Principiis naturz.Mathematicis Newtonus analytico ſuo fuzionum calculo utendi non habuit 
frequentem occaſionem. Nam liber ille inventus eſt quidem per analyſin; at ſeriptus eſt per ſyn- 
theſin, more Veterum, ut oportuit (pag. 479.) At analyſis tamen ita elucet per ſyntheſin illam, 
ut Leibnitius ipſe olim agnoverit, Newtonum non ſolum methodo ſua tangentes duxifſe, ſed ma- 
jora multo conſecutum, viſo demum Libro Principior um, ſe ſatis intellexiſſe (pag. 489.) Et in 
epiſtola ſui 28 Maii 1697 ad Walliſium ſcripta: * Methodum, inquit, profundiſſimi Newtoni 


cognatam eſſe methodo meæ differentiali non tantùm animadverti, poſtquam opus ejus [Prin- 


«© cipiorum ſcilicet] & tuum prodiit, ſed etiam profeſſus ſum in Actis Eruditorum, & alias quo- 
„ que monui. Id enim candori meo convenire judicavi, non minus quàm ipfius merito. Itaque 
„ communi nomine deſignare ſoleo Analyſeos Infiniteſimalis“ (pag. 383.) Et alibi de ſublimi. 
quidam parte methodi, qua Newtonus Solidum minimæ reſiſtentiæ invenerat, hæe habet verba. 
uam methodum, ante D. Newtonum & me, nullus quod ſciam geometra habuit; uti ante 
Thune, maximi nominis geometram, nemo fe habere yRoBAvIT® (pag. 745.) Et in epiſtolä ad 
Newtonum Hannoveræ data 7 Mart. 1693, ita ſcripit: “ Mirifice ampliaveras geometriam 
6 tuis ſericbus ; ſed edito Principiorum opere oſtendiſti, patere tibi, que analyfi receptæ non 
fſubſunt. Conatus ſum ego quoque, notis commodis adhibitis, que d. lerentias & ſummas ex- 
„ hibent, geometriam illam, quam tranicendentem appello, analyſi quodammodo ſubjicere; nec 


res male tuccefſit” (pag. 472.) Atque iterum in reſponſo ad D. Fatium, quod habetor in 


Actis Eruditorum Maii 1700, pag. 203, lin. 21, id faſſus eſt Leibnitius „pag. 47 2.) Sed & ſec- 
tiones duas primas libri ſecundi Principiorum verbis aliis (abſque ſy mbolis differenti3libus) com- 
poſuit, & ſubjunxit; “ te jam fundamenta geometrica jecifle, & vias quaſdam novas, ſitis antea. 
impeditas, aperuiſſe; omnia autem reſpondere ſuæ analyfi infinitorum, hoc cit calculo ftunma— 
rum ac differentiarum” (pag. 281-483.) Et hoc fuit ſpeeimen onmiam. primum methodi. 
differentialis, quod D. Leibnitius , circa problemata ſublimiora orbi literario exhihuit. 

Literz punctatæ prima vice comparverunt, non (ut hie dicitur) in tertio volumine Operum 
Walliſii, quod prodiit anno 1699; 10d in ſecundo volumine Operum cn, quod prodlit anno 1693 
(pag. 457, 481. ) annis utique duobus ant equam fama calculi different: tis id aures Wallidi peil ve— 
nerit, & annis tous antequam Marchio Hoſpitalius Analyſin ſuam jafnitèe patvorum edliderit, 
qua calcalts diflerentialis ubique locorum invaleſcere capit (pag. 469, 473» £74,480; 484) 

Newtonus nunquam mutavit literam e in literam & punctatam uns puncto, ted litera illà o nſus 
eſt in introductione ad Librum de Quadraturis, & adbuc utitur in codem ſenſu ac ſab initio; ide " 

6 | gue 
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que ma imo cum fructu. Eft enim o ſy mbolum unicum, quo New tonus ubttur pro quantitate m. 
finite parvi : at ſymbolum & quantitatem fivitam defignat (pag. 459, 450, 477 479. ) 

Netho tus fluxiones onines capiendi, ſcu diſterenti andi differentialia, habetur in propoſitione 
pr ima libri de quadraturis: & eſt veritlima, & n Eandem, cum exemplis in difterentiis pri- 
mis & ſecundic, W'alliſius edidit in tomo ſecund „ perum ſorum anno 1693, ut ſupra; annis ſcili. 

cet tribus autequam regula Leibnitii ditferentiandi differentialia lucein viderit (pag. 457, 460, 481. 
Eandem regulam Nea -ronus, anno 1685, demonſtravit ſyntheticè in Lem. II. Lid. 2, Princip. (pag. 
472) & : point 1 in epiſtola ſva ad OldenÞr: rgum 24 Octob. 1676, tanquam fundameßtüm hujus me. 


thodli, de qua tum ante annos quinqu e iCr1} PI erat (pag. 455. ) Et ſpecimen ejuſdem, quo. ad ting gentes : 


ducendas, poſuit in epiſtolà fui ad Colliniam 10 Decemb, 1072 (pag $10.) Et in eden eniſtoly 
addidit problemata de Curvarum curvy atura, ſeu geometricarum ſeu mechanicarum, per caadem 
methodum ſolvi (pag. 510.) Ex quo manifeſtum eſt, ſe jam tum uam methodum ad fecunda ac 
tertia moinenta extendifſe, Cum enim areæ Curvarum conſiderantur tanquam fluentes, ut in 
hac analyſi fieri ſolet, ordinate exprimunt fluxiones primas, tangentes autem datz ſunt per flaxionts 
ſecundas, & Curvature per tertias (pag. 456.) Et anno 1669, in analyh ſua per ſeries, Newtonus 


dixit:“ Momentum eſt ſuperficies, cam de Solidis; & linea, cum de ſuperficiebus; & punctum, cùm 
de lineis agitur: quod perinde eſt, ac fi dixiſſet: cum Solida conſiderantur tanquam fluentia, eo- 


rum momenta ſunt ſuperficies; & horum momentorum momenta, vel ſecunda Solidorum momenta, 
ſunt lineæ; & horum momenta, ſive tertia Solidorum momenta, ſunt puncta; adeoque qua ratione 
momenta prima derivantur a fluentibus, ſecunda derivantur a primis, tertia a ſecundis, & ſic de- 
inceps in infinitum. Et quomodo momenta prima derivantur a fluentibus, oſtenditur in analyſi 
per ſeries; inveniendo ordinatas curvilinearum ex areis (pag. 454— 458, 503.) 

In eadem analyfi Ne vtonus poſuit ſecundam propoſitionem libri de quadraturis (pag. 582, lin. 30) 
did itque “ Curvarum areas & longitudines, id modò fiat, benefie io ejnidem methodi analyſeos exacte 


& geometricè determinari” (p. 503. lin. 2.) Et methodus hæcce Newtono innotuit annis aliquot 


antea, teſtibus Barrovio & Collinio (pag. 500, lin. 20, 21, 22, 23, 25) id eſt anno 1666, aut antea. 
Hæc methodus aliquatenus explicatur 1 in epiſtola Newtoni ad Oldenburgium 24 Octob. 1676 data; 
ibique ex propoſitione prima libri de quadraturis, illic ænigmatieè deſcripta, conſequi dicitur 


(pag. 535, 536) & in. propofitione quinta & ſextà libri illius plenius explicatur; & hz propoſi. 


tiones ex 3 quatuor primis libri ejuſdem conſequuntur : ideoque methodus fluxio- 
num, quatenus in propoſitionibus quinque vel ſex primis libri de quadraturis exponitur, Newtono 
innotvit anno 1666 aut antea, teſtibus Barrovio & Collinio ; ut & teſte etiam Walliſio (pag. 474.) 
Sed & Marchio Hoſpitalius pro Newtono teſtis eſt ; qui utique dixit, librum Principiorum Philo- 
ſophiæ fere totum eſſe ex hoc calculo (pag. 472) & Leibnitium in methodum differentialem inc1- 
difle, efliciendo, ut methodus tangentium Barrovii non hæreret ad radicales (pag. 469 - 471) New- 
tonus enim, per epiſtolas 10 Pecemb. 1672, & 24 Octob, 1676, Leibnitium admonuit, ſe hoe antea 
aſſecutum eſſe (pag. 5 10, 544.) 

Fx its etiam, quæ in epiſtola ad Oldenburgum 24 Octob. 1676 data, de tabulis figurarum curvi- 
linearum, in ſeholio propoſitionis decimæ libri de quadraturis pobtarum, dicuntur; liquet metho- 
dum fluxionum & momentorum, quatenus in decem primis libri illius propofitionibus habetur, diu 
ante annum 1676 New tono innotuiſſe (pag. 581.) Id quod etiam colligi poteſt ex Corol 2. Prop. 
x. libri de quadraturis ; quod utique in epiſtola Newton ad Collinium Nor. 8 „ 1676 data, & 
anno 111 à Joneſio edità, deſcriptum habetur, 
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PRAFATUR RAPHSONUS. 


Epitole ſequentt d N. Leibnitio cam amicis ſuir in Gallia & alibi 
communicate, ad controverfiam pracedentem ſpeclant. 


Prima ac tertia et ipſius Leibnitii; fecunda Newtoni; omnes ad 
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'J 7 OIL, Monſieur, la lettre dont vous pourrez faire uſage, fi voys 


n'ont p 


Ve jugez à propos. Je viens maintenant à ce qui nous regarde. 
Je ſuis ravi que vaus eſtes en Angleterre; il y a dequoy profiter; & il 
faut avouer qu il y a Ia de tres habiles gens: mais ils voudroient paſſer 
pour ètre prefque ſeuls inventeurs ; & C'eſt in quoy apparemment ils ne 
reuffirent pas. Il ne paroiſt point gue. M. Newton ait eu avant moy | 


characteriſtique & Talgorithme infiniteſimal, ſuivant ce que M. Ber- 


noulli a tres bien jugs: quoyqu'il luy auroit etè fort aiſe d'y parvenir, sil 


s'en fut aviſe, - Comme il auroitets fort aiſe a Apollonius de parvenir a 


TAnalyſe de Des Cartes ſur les courbes, S il 8'cn etoit aviſe. Ceux qyi 
Ne Cart les e | | qu 


ont ecrit contre moy n' ayant pas fait difficultè d attaquer ma candeur, 


par des interpretations forcees & mal fondees; ils n'auront point le 
plaifir de me voir repondre a de petites raiſons de gens, qui en uſent fi 
mal, & qui d'ailleurs s ecartent du fait. II s'agit du calcul des differen- 
ces, & ils ſe jettent ſur les ſeries, ou M. Newton m'a precede fans. dif- 
ficultE; mais je trouvay enfin une methode generale pour les ſeries, & 
apres cela je n'ayoit plus beſoin de recourir a ſes extractions. Ils au- 
roient mieux fait de donner les lettres entieres, comme M. Wallis a fait 
avec mon conſentement, & il n'a pas eu la moindre diſpute avec moy, 
comme ces gens la voudroient perſuader au public. Mes adverſaires 
publie du Commercium Epiſtolicum de M. Collins, que ce qu' ils 
ont cri capable de recevoir leur mauvaiſes interpretations. Je fis con- 
noiflance avec M. Collins dans mon ſecond voyage d'Angleterre; car au 
premier (qui dura tres peu, parceque j etois venu avec un miniſtre pub- 
lic) je n'avois pas encore la moindre connoiflance de la geometrie avan- 
cee, & n' avois rien vd, ni entendu, du commerce de M. Collins avec Meſſ. 
Gregory & Newton; comme mes lettres echangees avec M. eden 
en ce temps la, & quelque temps apres, feront afſez voir, Ce n'eſt 
qu'en France que jy ſuis entre, & M. Hugens m'en donna Tentree. 
Mais a mon ſecond voiage, M. Collins me fit voir une partie de ſon 
commerce, & iy remarquay que M. Newton avoua auſſi ſon ignorance 
ſur pluſicurs chaſes; & dit entre autres, qu'il n'ayoit rien troyve fur la 
= | Hp SS YT OT Ro_S 


ö 
: w 
| 

| 

j 

1 

| 

Z 

| 

: 

| 
| 

! 

f 
1 


R 
* 


6c 
is 


ADDITAMENT A 
dimenſion des curvilignes celebres que la dimenſion de la cifſoide. Mais 


on a ſupprimè tout cela. Je ſuis fache qu'un auſſi habile homme que 
M. Newton s'eſt attire la cenſure des perſonnes intelligentes, en defe- 


rant trop aux ſuggeſtions de quelque flatteurs, qui ont voulu brouiller 


avec moy. 

« Sa philoſophie me paroit un peu Etrange, & je ne crois pas qu'elle 
puiſſe s etablir. Si tout corps eſt grave, il faut neceſſairement (quoyque 
diſent ſes deffenſeurs, & quelque emportement qu' ils temoignent) que la 
gravite ſoit une qualité occulte ſcholaſtique, ou Vette& d'un miracle. 
Pay fait voir autrefois a M. Bayle, que tout ce qui n'eſt pas explicable par 
la nature des creatures eſt miraculeux. Il ne ſuffit pas de dire, Dieu 4 
fait une telle loy de nature, donc la choſe eſt naturelle. II faut que la. 
loy foit executable par les natures des creatures. Si Dieu donnoit cette 
loy, par exemple a un corps. libre, de tourner a Ventour d'un certain 
centre, il faudroit ou qu'il y joignit d'autres corps, qui par leur impul- 


ſion obligeafſent reſter toujours dans ſon orbite circulaire, ou qu'il mit 


une ange a ſes trouſſes; on enfin il faudroit, qu'il y. concourut extraor- 
dinairement. Car naturellement il s'ecartera par la tangente. Dieu 
agit continuellement ſur les creatures par la conſervation de leur natu- 
res, & cette conſervation eſt une production continuelle de ce qui eſt 


perfection en elles. II eſt intelligentia fupramundana parce qu il n'eſt 


pas l'ame du monde, & n'a pas beſoin de ſenſorium. 


4 
& — 


de ſes ſectateurs; non plus que la pretendue gravite univerſelle, ou que. 


«© Te ne trouve pas le vuide demonſtrè par les raiſons de M. Newton, ou 


les atomes. On ne peut donner dans le vuide & dans les atomes, que 


par des vues trop bornees. M. Clarke diſpute contre le ſentiment des. 


Carteſiens, qui croyent que Dieu ne ſauroit deſtruire une partie de la ma- 


tiere, pour faire un vuide; mais je m'etonne qu'il ne voye point, que ſi 
Feſpace eſt une ſubſtance differente de Dieu, la meme ditfficulte s'y trou- 
ve. Or de dire que Dieu eft Veſpace, c'eſt luy donner des parties. 
L'eſpace eſt l'ordre des coexiſtences; & le temps eſt l'ordre des exiſtences 
ſucceſſives. Ce ſont des choſes veritables, mais ideales; comme les. 
nombres. | | V = f 3 

La matiere meme n'eſt pas une fubſtance, mais ſeulement /ub/tantias 


tum, un phenomene bien fonde, & qui ne trompe point, quand on y pra- 


cede en raiſonnant ſuivant les loix ideales de Parithmetique, de la geome- 
trie, & de la dynamique, &c. Tout ce que j advance en cela paroiſt de- 


montré. A propos de la dynamique, ou de Ia doctrine des forces, je 
m'etonne que M. Newton & ſes ſectateurs croyent que Dieu a fi mal 
fait ſa machine, que s'il n'y mettoit la main extraordinairement, la 


montre ceſſeroit bien tot d'aller. C'eſt d'avoir des idées bien Etroites de 
la ſageſſe & de la puiſſance de Dieu. Jappelle extraordinaire toute ope- 
ration de Dieu, qui demande autre choſe que la conſervation des natures 
des creatures. Ainſi quoy que je croye la metaphyſique de ces meſſieurs 


I, @ narrow one, & leur mathematique aſſez arriuvable; je ne laiſſe pas 


d' eſtiner extremement les meditations phyſico-mathematiques de M. 
« Newton; 
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C@MMERCII EPISTOLICTI. | 
% Newton & vous obligenez infinim:nt le public, monſieur, fi vous 
« portiezcet habile homme à nous donner juſqu'a ſes conjectures en phy- 
% que; P'approuve fort ſa methode de tirer des phenomenes, ce qu'on en 
peut tirer ſans rien ſuppoſer, quand mEme ce ne ſeroit quelquefois que 
* tirer des conſequences conjecturales. Cependant quand les data ne ſuf- 
« fiſent point, il eſt permis (comme on fait quelquefois en dechifrant) 
„ d'tmaginer des hypotheſes ; & fi elles ſont heureuſes, on s' y tient provi- 
« fionellement, en attendant que des nouvelles experiences nous appor- 
tent nova data, & ce que Bacon apelle Experimenta Crucis, pour choiſir 
entre les hypotheſes. Comme j'apprends que certain Anglois ont mal 
.« repreſente ma philoſophie dans leur Tranſactions, je ne doute point qu'- 
avec ce que je vous mande icy, je ne puiſſe etre juſtifie. Je ſuis fort 
„ pour la philoſophie experimentale, mais M. Newton s'en ecarte fort, 
quand il. pretend que toute la matiere eſt peſante, ou que chaque partie 
% de la matiere attire chaque autre partie z ce que les experiences ne prou- 
vent nulment, comme M. Hugens a deja fort bien jugé, la matiere 
„ gravifique ne ſauroit avoir elle meme cette peſanteur, dont elle eſt la 
cauſe, & M. Newtonn' apporte aucune experience, ni raiſon ſuffiſante, pour 
le vuide & les atomes, ou pour l'attraction mutuelle generale. Et parce 
„ qu'on ne fait pas encore parfaitement, & en detail, comment ſe produit 
la gravité, ou la force elaſtique, ou la magnetique, &c; on n'a pas rai- 
<« fon pour cela d'en faire des qualitez occultes ſcholaſtiques, ou des mira- 
„ cles; mais on à encore moins raiſon de donner des bornes a la ſageſſe & 
„ a la puiſſance de Dieu, & de luy attribuer un ſenſor:um & choſes 3 
„ bles. Au reſte, je m'etonne que les ſectateurs de M. Newton ne don- 
* nent rien, qui marque que leur maiſtre leur à communiquè une bonne 
methode Jay etè plus heureux.en: diſciples,”” | 
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Leicęſter-Fields, 
S I R, | £ | Zondon; Feb. 26, 1753. 
YOU know that the Commercium Epiſtolicum contains the antient letters: 
and papers preſerved in the Archives and letter-books of the Reyal So- 
city, and library of Mr. Collins, relating to the diſpute between Mr, Leib- 
nitz and doctor Keill; and that they were collected and publiſhed by a 
numerous committee of gentlemen of ſeveral nations, appointed by the 
Royal Society for that purpoſe. Mr. Leibnitz has hitherto avoided return- 
ing an anſwer to the ſame; for the book is matter of fact, and uncapable 
of an anſwer. To avoid anſwering it, he pretended the firſt year that he 
had not ſeen this book, nor had leiſure to examine it, but had deſired an 
eminent mathematician to examine it. And the anſwer of the mathema- 
tician (or pretended mathematician) dated June 7, 1713, was inſerted in- 
to a detamatory letter dated July 29 following, and publiſhed in Germany 
without the name of the author or printer, or city where it was printed. 


And the whole has been fince tranſlated into French, and inſerted into wr 
ot 
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other ubufive letter (of the ſame author, as 1 ſuppoſe) and anſwered by 
Dr. Keill in July 1714; and no anſwer is yet given to the doctor. 
Hitherto Mr. Leibnitz avoided returning an anſwer to the — 
Epiſtolicum, by pretendingthat he had not ſeen it. And no)w he avoids 
it, by telling you, rhat the Engliſh ſhall aot have the pleaſure to ſee him 
return an anſwer to their ſlender reaſonings (as he calls them) and by en- 
deavouring to engage me in diſputes about Philoſophy, and about olving 
of Problems; bath which are nothing to the queſtion. 
As for Philoſophy, he colludes in the fignifications of words, calling 
thoſe things miracles, which create no wonder; and theſe things occult 
_ «qualities, whoſe cauſes are occult, though the qualities: themſtlves be ma- 
nifeſt; and thoſe things the ſouls of men, which do not animate their 
bodies. His Harmonia Præſtabilita is miraculous, aud contradicts the daily 
experience of all mankind ; every man findiug in himſelf a power of ſee- 
ing with his eyes, and moving his body by his Wall. He — hypo- 
| 1 2 theſes to arguments of induction drawn from experiments; accuſes me of 
opinions which are not mine; and inſtead of 3 en to * 
5 ; <exammed by experiments defore they are admitted into P phy, he 
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| YTopoſes hypotheſes to be admitted and believed; before they are examined: 

| but all this is nothing to the Commerrium Epiſtolicum. 

| He. complains of the committee of the Royal Society, as if ey had 
acted partially in ormitting what made againſt me; but he fails in proving 
che accuſation. For he inſtances in a paragraph concerning my ignorance, 
-pretending that they omitted it, um Jon ye will find it in the Commer- 
eium Epiſtolicum, pag. 547, Iin. 2, 3, and oy am mot aſhamed of it. He 
Aaith, that he Geer , parngraph- in che hands of Mr. Collins when he 
avas in London the ſecond time; that is, in October 1676. It is in my 
letter of the 24th of Octob. 1676, and therefore he then ſaw that letter. 
And in that, and ſome other letters writ before that time, 1 deſcribed my 
method of fluxions. And in the fame letter I deſcribed alſo two general 
methods: .of denies, one of which is how clamed from me by Mr. 

Leibnitz. x | 
I believe you will think it reafbinabile. chat Mr. Leibnitz be conflabt to 

| | | Mimiſelf; and ſtill acknowledge what he acknowledged above 15 years ago; | 

1 and ſtill forbear to contradi&t What he forbore to contradict in thoſe days. 

| ” Inn his letter of the 20th of May 1675, he acknowledged the aer. of 

| a letter from Mr. C Oldenburg, dated the 1 5th of April 1675, with ſeveral 

converging ſeries contained therein. And I expect from him, that he {till 
acknowledge the receipt thereof. Many gentlemen of Italy, France, and 
Germany {yourſelf being one of them) have ſeen the original letters, and 
the entries thereof in the old letter-bocks of the Royal Society; and ths 

Series of Gregory is in the letter of the 1 5th of April 167 LY and 1 an Gre- 
gory's original letter, dated the 1 5th of Feb. 1671. 

In a letter dated the 12th of May 1676 (ſeen by the ſame gentlemen) 
te acknowledged that he then wanted the method for finding 4 Series for 
the are whoſe ſine was given; and, by conſequence, that he wanted it 

© 


COMMEREIF EPISTOLICT. 
fre wrote his letter of the. 24th of Oftober 1674 ;- and I expect that he ſtill 


acknowledge it. FF... Sag 5 
In the: Ad Eruditorum- for May 1700, in anſwer. to Mr. Fatio, who 
had ſaid, that, L was the oldeſt inventor by many years, Mr. Leibnitz ac- 
knowledged that nobody, ſo far as he knew, had the method of fluxions- 
or differences / before me and him; and that nobody before me had proved, 
by. a ſpecimen made publick, that he had it. Here he allowed, that I- bad 
the method before it was publiſhed, or communicated by him to any body, 
in: Germany; that the Principia. Philoſophia were à proof that 1 had it, 
and the firſt ſpecimen made publick of applying it to the different pro- 
blems: and I expect, that he ſtill continue to make the ſame acknowledg- 
ment. At that time he did not deny what Mr. Fatio affirmed, and no- 
thing but want of candour can make him unconſtant to himſelff. 
Ima letter to me dated the 7th; of March 1693, and now in the ouſtody 
of the Royal Society, he wrote, Mirifice amplivaveras geometriam tuis fe- 
riebus; ſed edito Principiorum opere, aſtendiſti patere tibi, quæ analyſi receptæ 
non ſubſunt. Conatus ſum ego quague, notis commodis adbibitis, que differen- 
tias & fummas exbibent, geometriam ill am tranſcendentem appells, ana- 
lyſi quodammodo ſubjicere, nec res male:proceſſit. And what he then acknow- 

ledged, he ought ſtill to acknowledge. e 
In his letter of the 21ſt of June 1677, writ in anſwer to mine of the 
24th of October 1676, wherein F deſcribed my method partly in plain 
words, and partly in cyphers; he ſaid, that he agreed with me,, that the 
method of tangents. of Sluſius was not yet made perfect; and then ſet 
down a Differential Method of Tangents, publiſhed- by Dr. Barrow in the 
year 1670, and diſguiſed it by a new notation, pretending that it was his 
own, and ſhewed how it might be improved, ſo as to perform thoſe things 
which I had aſcribed to my method; and concluded from thence, that 
mine differed not much from his, eſpecially ſince it facilitated quadratures. 
And in the Acta Eruditorum for QQob. 1684, in publiſhing the Elements 
of his Method, he added, that it extended to the difficulter problems, 
which without this method, or another like it, could not be managed ſo 
eaſily. He underſtood therefore in thoſe days, that in the year 16765 
when I wrote my ſaid letter, I had a method which did the ſame things 
with the method which he calls Differential, and he ought ſtill to acknow- 
ledge it; eſpecially now the ſentences in cyphers are decyphered, and 
other things in that letter, relating to the method, are fully explained, and 

the Compendium mentioned therein made public. | 
In his letter of the 27th of Auguſt 1676, he repreſented, that he did 
not believe that my methods were ſo general as I deſcribed them in my 
letter of the 1 3th of June preceding; and affirmed, that there were many 
problems fo difficult, that they did not depend upon equations or quadra- 
tures, ſuch as (amongſt many others). were the inverſe problems of tan- 
gents. And by theſe words he acknowledged, that he had not yet found 
the reduction of problems to Differential Equations. And what Is. then: 
I 8 . „„ : 2 ow 
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year 1676, had explained to Mr. Leibnitz the method (called by me, the 
me ten years before, or above (that is, in the year 1666, or before): and 
Vol. III. pag. had notice of this paragraph, and did not then contradict it, | 


bear to contradict it. 5 


. plagiary ; if he goes on to accuſe me, it lies upon him by the laws of all 
nations to prove his accuſations, on pain of being accounted guilty of ca- 
lumny. He hath hitherto written letters to his correſpondents full of af- 
firmations, complaints and reflections, without proving any thin 


J am, Sir, yours, &c. | TR 


qui que ce ſoit, de donner un autre but raiſonnable à ces paroles, ſemper - 


APD DIT AME N T A 
acknowledged, he acknowledged again in the Ata Eruditorum for Aprit 
1691, pag. 178, and ought in candour to acknowledge ſtill. 133 
Doctor Wallis, in the- preface to the two firſt volumes of his works, 


publiſhed in April 69 5, wrote, that I, in my two letters written in the 
Method of Fluxions, and by him, the Differential Method) invented by 
see Walliss än the letters which followed between them, Mr. Leibnitz 


454, In. 12. nor found any fault with it; and I expect that he ſtill for- 


But as he has lately attacked me with an accuſation which amounts to 


he is the aggreſſor, and it lies upon him to prove the charge. 


I forbear to deſcend further into particulars; you have them in the Com- 
mercium Epiftolicum, and the abſtract thereof, to both which I refer you. 


< MONSIEUR, 

+ C'EST ſans doute pour l'amour de la verite, que vous vous etescharge 

d' une eſpace de cartel de la part de M. Newton. Je ray point voulu 
entrer en lice avec des enfans perdus, qu'il avoit detaches contre moy; 
fait qu'on entende celuy, qui a fait l'accuſateur ſur le fondement du Com- 
mercium H piſſal cum; ſoit qu'on regarde la preface pleine d'aigreur, 
qu'un autre à miſe devant la nouvelle edition de ſes principes. Mais 
puiqu'il veut bien paroitre luy mEme, je ſeray bien aiſe de luy donner 
« {atisfaQion. / 92 55 #94: „„ | 
je fus ſurpris au commencement” de cette diſpute d' apprendre qu'on 
m' accuſoit detre l'aggreſſeur; car je ne me ſouvenois pas d'avoir parle de 
M. N. que d'une maniere fort obligeante. Mais je vis depuis, qu'on abu- 
ſoit pour cela d'un paſſage des Actes de Leipzig du Janvier 1705, ou il y 
a ces mots: Pro diſferentiis L.., ſiauis, D. N... nus adbibet, ſemperque ad. 
hibutt fluxiones; ou Vauteur des remarques fur le Commercium Epiſtoli- 
cum dit, pag. 577, Senſus ver borum eſt, quod N.. nus fluxiones differentiis 
L.. ciunis ſubſtituit. Mais C eſt une interpretation maligne d'un homme 
qui cherchoit noiſe: il ſemble que Vauteur de paroles inſerè dans les Ac- 
tes de Leipzig a voulu y obvier tout expres, par ces mots, adhibet ſem- 
perque adbiburt ; pour inſinuer, que ce n'eſt pas apres la veue de mes dif- 
ferences, mais deja auparavant, qu'il s'eſt ſervi de fluxions. Et je deſie, 


* 
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* gue adbibuit. Au lieu qu'on fe ſert du mot ſubſlituit, en parlant de ce 
que le. Pere Fabri avoit fait apres Cavallieri. D'ou il faut conclure on 
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que M. N. s'eſt laifle tromper, par un homme qui a empoiſonne ces paro- | 
© Jes des Actes, qu'on ſuppoſoit n'avoir pas et& publices ſans ma eonnoiſ- 
ſance, & &eſt imagine qu'on l'accuſoit d'etré plagiaire; ou bien qu'il a 
ete bien aiſe de trouver un pretexte, de s' attribuer ou faire attribuer privè- 
ment l'invention du nouveau calcul (depuis qu'il en remarquoit le ſuc- 
ces, & le bruit qu'il faiſoit dans le monde) contre ſes connoiflances con- 
traires avouees dans ſon livre des Principes, pag. 253, de la premiere 
edition. Si Von avoit fait connoitre qu'on trouvoit quelque difficulte, ou 
ſujet de plainte, dans les paroles des Actes de Leipzig; je ſuis aſſuré, que 
ces meſſieurs, qui ont part à ces Actes, aurotent donne un plein contente- 
ment; mais il ſemble qu on cherchoit un pretexte de rupture. 
Je n'ay pas eu connoiſſance du numerous committee of gentlemen of ſeve- 
ral nations relating to the diſpute; car on ne m'en a donné aucune part, 
& je ne ſay pas encore preſentement les noms de tous ces commiſſaires, & 
particulierement de ceux qui ne ſont pas des ifles Britanniques: je ne crois 
pas qu' ils approuvent tout ce qui a ete mis dans Vouvrage public con- 
tre moi. 5 | | 
I eft aise a croire que Jay ete quelque temps a Vienne, avant que 
d'avoir vi le Commercium Epiſtolicum deja public, quoique J'en euſſe des 
nouvelles. Ainſi un ami ſachant cela, auſſi zele pour moi que les ſe- 
conds de M. N. le peuvent étre pour luy, a pubJie une papier, que M. 
N. appelle diffamatoire (defamatory letter. Mais cette piece n'etant pas 
plus forte, que ce qu'on a public contre moi, M. N. n'a pas droit de s'en 
plaindre. Si Pon n'a pas marque Pauteur ni le lieu de impreſſion du 
papier; on connoit aſſez le nom & le lieu de Vauteur de la lettre y in- 
ſerce d'un excellent mathematicien, que j'avois prie de dire ſon ſentiment 
ſur le Commercium, & cela ſuffit. M. N. (dont les partiſaus ont marque 
qu'il ne leur etoit pas inconnu) l'appelle un mathematicien, ou pretendu 
mathematicien; & apres avoir fait inutilement des efforts pour le gagner, 
il le mepriſe contre l' opinion publique, qui le met entre ceux du premier 
rang, & contre l' evidence des choſes verifices par ſes decouvertes. 

Lors que j' eus enfin le Commercium Epiſtolicum, je vis qu'on s'y ecar- 
toit entierement du but; & que les lettres, qu'on publioit, ne contenoient 
pas un mot, qui peut faire revoquer en doute mon invention du calcul des 
differences, dont Il $'agifloit. Au lieu de cela je remarquay qu'on ſe jet- 
toit ſur les ſeries; ou l'on accorde lL'avantage a M. N. & que les rematques 
contenoient de gloſes mal tournees, pour tacher de me decrier par des 
ſoupgons ſans fondement quelquefois ridicules, & quelquefois forges, 
contre la conſcience de quelques uns de ceux qui en Etotent les auteurs, ou 
approbateurs. 8 PE A EO 
Pour repondre done de point en point a Fouvrage publiè contre moi, il 
falloit un autre ouvrage auſſi grand pour le moins que celuy la; il falloit 
entrer dans un grand detail de quantitate de minuties paſſes il y a 36 ou 
40 ans dont je ne me ſouvenois gueres; il me falloit chercher mes vieilles 
lettres, dont pluſieurs ſe ſont perdues, outre que le plus ſouvent, je n'ay 
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ment d' occupations d'une toute autre nature. 


M. N; au lieu qu'on n'y a rien omis, de ce qu'on croyait pouvoir tourner 
contre moi par des gloſes forcees. Comme je n'ay pas daigne lire le 
Commercium Hpiflolicum avee beaucoup d' attention, je me ſuis trompe 
dans Vexemmple que Jay cite, n'ayant pas pris garde, ou ayant oublic 
qu'il s' trouvoit; mais j; en citeray un autre. M. N. avouoit dans un 


mais on n'a point inferé ce paſſage, ou cette lettre, dans le Cammercium 
Epiſtelicum; il auroit &te plus ſincere par rapport a la diſpute, & plus 
utile au public, de donner le commerce litteraire de M. Collins tout en- 


lierement de ne pas tronquer les lettres; car il y en a peu parmi mes pa- 
piers, ou dont il me reſte des minutes. t 29 JÞ 0 
Ainſi tout conſiderè, voyant tant de marques de malignite & de chi- 


uſoient fi mal. Je voyois qu' en les refutant on auroit de la peine a éviter 


aſſez le jugement de ceux, 


contre moi, d' autant que la 


je ne crois point d'avoir dit (comme M. N. me Vimpute) que les An- 
glois n'auroient point le plaiſir de me voir repondre à des raiſonnemens 
ſi minces; car je ne crois point que tous les Anglois faſſent leur cauſe de 
celle de M. N. il y en a de trop h 

les paſſions de quelquesuns de ſes adherens. 

Apres cela, il m'accuſe d'avoir voulu faire diverſion, en combattant ſa 
philoſophie, & en voulant Fengager dans des problemes; mais quant à 
la philoſophie, Pay donné publiquement quelque choſe de mes principes 


des pro 
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patience. Mais je nen avois gueres le loiſir, ètant charge preſente- 
De plus je remarquay, que dans la publication du Commercium Epiftoli- 
cum on a ſupprime des endroits qui pouvoient ètre au deſadvantage de 


des ſes lettres a M. Collins, qu'il ne pouvoit point venir a bout des ſec- 
tions ſecondes (ou ſegments ſeconds) de ſpheroides, ou corps ſemblables: 


tier, là ou il contenoit quelque choſe qui meritoit d' etre lu; & particu- 


cane, je crùs indigne de moi d'entrer en diſcuſſion avec des gens, qui en 


des reproches, & des expreſſions fortes, telles que meritoit leur procede ; 
& je n'avois point envie de donner ce ſpectacle au public, ayant deſſein 
de mieux employer mon temps, qui me doit Etre precieux, & mepriſant 
qui ſur. un tel ouvrage voudroient prononcer 
Hociet Royale mème ne la point voulu faire; 
comme je Vay appris par un extrait de fes regiſtres. 


abiles & de trop honnetes pour ëpouſer 


ſans attaquer les ſiens; fi ce n'eſt que par occaſion j en ay parlè dans des 
lettres een heres, depuis qu'on m'en a donnè ſujet; & pour ce qui eſt 
lemes, je nay garde d'en propoſer a M. N. car je ne voudrois pas 
m'y engager, quand on m'en A £9 à moi: nous pouvons nous en 
diſpencer a Page ou nous ſommes; mais nous avons des amis, qui y peu- 
vent fuppleer a notre defaut. e 83 | 
Je ne veux point entrer icy dans le detail de ce que M. N. dit un peu 
aigrement contre ma philoſophie; car pour la ſienne, ce n' en eſt point le 
lieu. J'apelle Miracle tous evenement qui ne peut &tre arrivé que par la 
puiflauce de Createur, ſa raiſon n'etant pas dans la nature des creatures; 
& quand on veut neanmoins Vattribuer aux qualites ou forces r 
alors 


COMMERCH EIS T0 LI. bos 


alors q appelle cette qualitẽ une qualiib occulie d la ſebolaſtique; c'eſt & dirs, 
qu'il eſt unpoſſibile de rendre manifeſte : telle que ſeroit une peſanteur 
primitive; car les qualites occultes qui ne ſont point chimeriques, ſont 
celles dont nous ignorons la cauſe, mais que nous n'excluons point; & 
j appelle Fame de l homme cette ſubſtance ſimple, qui s appercoit de ſe 
a= ſe paſſe dans le corps humain, & dont les appetits ou volontes ſont 
ſuivis par les efforts du corps. Je ne prefere pas les hypotheſes aux ar- 
guments tirez de PinduQtion des experiences, mais quelquefois on fait 
paſſer pour inductions gene rales, ce qui ne conſiſte qu'en obſervations par- 
ticulieres, & quelquefois on veut faire paſſer pour une hypotheſe ce qui 
eſt demonſtratif. L idee que M. N. donne icy de mon harmonie preeta- 
blie n'eſt pas celle qu en ont quantitè d'habiles gens hers. d' Angleterre, 
& quelques uns en Angleterre ; & je ne crois pas que vous meme Monſ. 
en ayez eu une ſemblable, ou l'ayez maintenant, a moins que d'@tre bien 
* Je way jamais me, qu'a mon ſecond voyage en Angleterre j'aye va 
quelques lettres de M. N. chez Monſieur Collins; mais je n'en ay jamais 
vd, ou M. N. ait explique fa methode des fluxions, & je nen trouve point 
dans le Commercium Epiſtolicum. e e ee een 
Je n'ay pas vù non plus qu'il ait explique la methode des ſeries que je 
m' attribue; je crois qu'il veut parler de celle ou je prends une ſeries ar- 
bitraire; je Vay fait avant mon ſecond. retour en Angleterre. Je ne nie 
pourtant pas, que M. N. n'eut pu Vavoir auſſi, & ce n'eſt pas meme une 
invention fort difficile. CC 
. * ME N. veut que j avoue, & que jaccorde ce que jay avouc ou accorde 
il ya15ans. Ou autrement on devroit en attendre de luy autant; car il 
ya maintenant deux fois quinze ans, que dans la premiere edition de ſes 
Principes, pag. 253, 254, il m'accorde l' invention du calcul des diffe- 
rences, independement de la ſienne; & depuis il s'eſt avise, je ne ſcay 
comment, de faire ſoutenir le contraire. . 1 
Il eſt bon de ſavoir, qu'a mon premier voyage d' Angleterre en 1673, je 
n' avois pas la moindre connoiſſance des ſeries iuſinies, telles que M. Mer- 
cator venoit de donner, ny d'autres matieres de la geometrie avancee par 
les dernieres methodes: je n'etois pas meme aſſez verse daus Panalyſe de 
Des Cartes; je ne traitois les mathematiques que comme un Parergon ; 
& je ne ſavois guere que la geometrie practique vulgaire, quoy que j euſſe 
va par hazard la geometrie des indiviſibiles de Cavalleri, & un livre de 
Pere Leotaud, ou il donnoit les quadratures des lunules & figures ſem- 
blables, ce qui m'avois donne quelque curioſite ; mais je me divertiſſois 
pluſt6t aux proprietez des nombres, a quoy le petit traite.que J.avgis pub- 
lie, preſque petit garcon, de Part des combinaiſons en 1666 m avoit donne 
occaſion ; & ayant obſerve des lors Puſage des differences pour les ſom- 
mes, je Papphliquay a des ſuites de nombres. On voit bien par mes pre- 
mieres lettres echangees avec M. Oldenbourg, que je n'etais guere.alle 
plus avant, auſſi n'avois je point alors la connoiſſance de M. Collins, quoy 
qu'on ait feint malicieuſement le contraire. Ny e | 
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des nombres, contribuerent a m'ouvrir les yeux; car ce n'eſt pas paifly 
fluxions des lignes, mais par les differences des nombres qve j'y ſuis vert 


3A ©vÞ A: T:A NM ENI 
Ce fit peu A, peu que M. Hugens mie fit entrer en ces matieres, quand 


je le pratiquois à Paris, & cela joint au traite de M. Mercator (que j avois 


« rapporte avec moi d'Angleterre parce que M. Pell m'en avoit parle) me 
fit trouver environ, vers la fin de Van 1673, ma quadrature arithmetique 
du cercle, qui fut fort approuve par M. Hugens, & dont je parlay a M. 

Oldenbourg dans une lettre de l'an 1674: alors ny M. Hugens ny moi, 
* nous ne ſavions rien des ſeries de M. N. ny de M. Gregory. Ainſi je 


nombres rationaux, & M. Hugens le crut auſh ; Jen ecrivis ſur ce ton-ͤ à 
à M. Oldenbourg, qui me repondit qu'on avoit deja de telles ſeries en An- 
gleterre; & Von voit par ma lettre du 15 Juillet de t674, & par la re- 

ponſe de M. Oldenbourg du 8 Decembre de la meme année, que je n'en 
devois avoir aucune connoiſſance alors; autrement M. Oldenbourg n'au- 
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roit pas manque de me le faire ſentir, ſi luy ou M. Collins m'en euſſent 


* communique quelque choſe ; mais je ne ſavois pas alors les extractions 


des racines des equations par des ſeries, ni les regreſſions ou l'extrac · 
tion d'une equation infinie; 5etois encore un peu neuf en ces matieres; 
. | 


mais je trouvai pourtant bientot ma methode generale par des ſeries ar- 
« bitraires; & Jentrai enfin dans mon calcul des differences, ou les ob- 
ſervations que j'avois faites, encore fort jeune, ſur les differences des ſuites 
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en confiderant enfin que ces differences appliquees aux grandeurs qui cro- 
iſſent continuellement, s'evanouiſſent en comparaiſon des grandeurs dif- 


ferentes, au lieu qu'elles ſubſiſtent dans les ſuites des nombres. Et je 
*.crois que cette voye eſt la plus analytique; le calcul geometrique des dif- 


* ferences qui eſt le meme que celuy des fluxions, n'etant qu'un cas ſpe- 


+ cial, devient plus commode par les evanouiſſements. 


9 


M. N. allegue par apres les paſſages, ou j accorde, qu'il y a un calcul 


approchant de mon calcul des differences; mais il pourra bien ſe ſouvenir 


quil m'en a accordé autant, et s'il luy eſt permis de fe retracter, pour- 
quoy ne me ſera t'il pas permis d'en faire autant, ſur tout apres les ve- 
riſimilitudes que M. Bernouilli a remarquees ? J ay une fi grande opinion 


de la candeur de M. N. que je l'ay cru ſur ſa parole; mais le voyant con- 


« .niver à des accuſations dont la fauffeté luy eſt connue, il etoit naturel 
gque je commengafle de doute. en e T0 20 
Jie ne puis avouer ny deſavouer aujourdhuy d'aveir certt, ou receu des 
lettres ecrites, il y a plus de 40 ans telles qu'on les a publiees ; je ſuis ob- 
« hge de m'en rapporter à ee qui ſe trouve dans les papiers qu'on cite, mais. 
je ne remarque rien contre moi dans celles que M. N. allegue du 15 
Avril & 20 May 1675, & du 24 Ockobre 1676, ſinon dans les fauſſetez 


du Gloſateur. Je crois que c' etoit purement par diſtractien, dans un ſejour 


comme ceæluy de Paris, ou je m'occupois a bien d'autres choſes encore 
gqu' aux mathematiques, & par Veloignement que j avois des calculs, dont 
je craignois la longueur, que jay demande quelquefois A M. Oldenbourg 


la demonſtration ou la methode d'arriver a certaines choſes, ou j'aurois 


bien 
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bien pd. arriver moi mème. Par exemple, je crois d'avoir deja eu au 
douze de May 1676, ma methode d'une ſeries arbitraire, qui m'auroit 
pt. mener a des ſeries, dont j'y demande la raiſon. Car ayant conſulté 


mon vieux traitè de la Quadrature Arithmetique, acheve quelque temps 


avant ma ſortie de France, je m'y ſers de la ſeries arbitraire; cependant les 
ſeries marquees dans cette lertre ſont une choſe dont je conſens detre re- 
devable a d'autres, & je crois de ne les avoir pas meme connues en 1674. 


_ * Neentendant pas bien ce que M. N. allegue des Actes de Leipzig de 
May 1700, jy ay regards, & je trouve qu'il n'en a pas bien pris le ſens. 
II n'y eſt point parle de Vinvention du nouveau calcul des differences, 


mais d'un arttfice particulier des Maximis & Minimis, qui en eſt indepen- 
dant, & dont je m' etois avis bien du temps avant que M. Bernouilli eut 
propose ſon probleme de la plus courte deſcente, mais dont je jugeois 


2 N. ſe devoit Etre avise auſſi, lors qu'il avoit donné la figure de 
ſon vaiſſeau dans ſes principes. Ainſi jay voulu dire, qu'il a fait con- 
noitre publiquement avant moi, qu'il poſſedoit cet artifice; ce que je ne 


pouvois pas dire du calcul des differences & des fluxions, puiſque j'en 


avois fait voir Tutihte publiquement avant la publication de ce livre. Cet 
artifice particulier de Maximis & Minimis peſt point neceſſaire, quand ils 
s'agit ſimplement d'une grandeur (car alors la methode de M. Fermat per- 
fectionèe par les nouveaux calculs ſuffit) mais quand il s'agit de toute une 
figure qui doit faire le mieux un effect demande, il faut autre choſe. 


M. N. hazarde icy une accuſation mais, qui va tomber ſur luy meme. 


Il. pretend que ce que Pay ëcrit pour lug a M. Oldenbourg en 1677, eſt 

un deguiſement de la methode de M Barrow. Mais comme M. N. avoue 

dans la pag. 2 53 & 254, de la premier edition de ſes Principes, Me ipſt 

tunc methodum communicdſſe. d methodo 1þfius. vix: abludentem prælerquum in 
verborum & notarum formults, il s enſuivra, que ſa methode auſſi weſt qu'un 

- deguiſement de celle de M. Barrow. 8 * e 

Je croy que luy & moi nous ſerons aiſement quites de cette accuſa- 


tion: car une infinite de gens liront de livre de M. Barrow, ſans y trou- 


ver notre, calcul; il eſt vray que feu M. Tſchirnhaus, qui s'appergeut un. 
peu tard de l'avantage de ce calcul, pretendoit qu'on pouvoit arriver a. 
tout cela par les methodes de M. Barrow. Comme l'Abbè Catelan Fran- 
cois pretendit que meme l' Analyſe de Des Cartes ſuffiſoit pour toute ces 


choſes; mais il etoit plus aisè de le dire, que de le montre. 
Cependant fi quelqu'un a profite de M. Barrow, ce ſera pliis tot M. 
N. qui a etudie ſous luy, que moi qui (autant que je puis mien ſouvenir,) 
n'ay veu les livres de M. Barrow qu'a mon ſecond voyage d' Angleterre, 


& ne les ay jamais lis avec attention; parce qu'en voyant le livre, je 
m'appercus que par la conſideration du triangle characteriſtique (dont les 
cotez ſon les elements de Yabſcifle, de l'ordonnee & de la courbe) ſem- 


blable a quelque triangle aſſignable, j'etois venu, comme en me jouant, 
aux quadratures, ſurfaces, & ſolides, dont M. Barrow avoit remplis un cha- 
pitre des plus conſiderables de ſes legons; outre que je ne ſuis venu a mon 


calcul des differences dans la geometrie, qu' apres en avoir vu Puſage'(mais. 
5 ; 5+ MOINS 
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5 II fe peut que M. 
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dans le Commercium Epiſtolicum le peuvent inſineur. 
Barrow en ait plus ſcu, qu'il n'a pas dit dans fon livre, & qu'il a donne 
des lumieres a M. N. que nous ne favons pas: & fi Petors femblable \ | 
certains temeraires, je pourrois aſſeuter ſur de ſimples foupgons, ſans autre 
fondement, que le calcul des fluxions de M. N. qu'el qu'il puiſſe etre, 
loy a eté enſeigne par M. Barrow, | | N 
On peut bien juger que lors que Jay * en 1676, des problemes qui 
ne dependoient, ni des equations, ni des quadratures, j'ay voulu parler 
des equations telles qu on conndiſſoit alors dans le monde; c'eſt à dire, 
des equations de l'analyſe ordinaire. Et on le peut juger, de ce que 
j'ajoute les quadratures comme quelque choſe de plus que ces equations. 
Mais les equations differentielles volit an dela meme des quadratures ; & 
l'on voit bien que j'entendoiĩs mème parler des problemes, qui vont a ces 
ſortes d equations inconnues alors an public; cette objection ſe trouvoit 
+ deja dans les remarques an Commercium, mais je n'avoĩs point crit que M. 
N. etoit capable de employer. nr F f rater he 


* 
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| „ Je juge par un endroit de ma lettre du 27 d'Aouſt 1676 vid. pag. 
a * 539, bus Tomi) que je devois deja avoir alors Touverture du cal- 


cul des differences; car Pay dit d'avoir reſolu d'abord pat une certaine 
analyſe ſcertd Analyſi fob; } le probleme de M. de Beaune propose à M. 
Des Cartes; fi cette analyſe n'etott que cela, on le peut reſoudre fans 
cela; & je crois que Monfieur arg & Monſieur Barrow l'auroient 
donné au beſoin, comme beaucoup d'autres choſes : mais felon ma ma- 
niere de noter, ce n' eſt qu'un jeu; je trouve une petite faute dans cette 
page, il y a /udus nature au lieu de luſus nature, mais cette faute etoit 
ancienne, & ſe devoit deja trouver dans la copie de ma lettre du 24 d' Oë- 
tobre 71676, pag. 539, Bujus Tom.) Hos caſus vix numeraverim in- 
ter luſus nature. je n'avois point entendu ce qu'il vouloit dire, mais a 


preſent je vois Vorigine de la mepriſe. DR - 
je ne ſaurois dire aujourdhuy, ſi jay remarque le paſſage de M. Wallis, 
ou il dit que M. N. ſervoit deja la methode des fluxions en 1666. Mais 
quand je Vaurois remarque, je PVaurois laiſſeè paſſer apparemment, etant 
fort porte alors à croire M. N. fur fa parole. Mais ſon dernier procedé 
m'a force d' etre plus circomſpect a cet gar. Bo 
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M. N. dit, que je l'ay 
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accuse d'etre plagiaire: mais ou eſt ce que je Vay 
fait? Ce ſont ſes adherens, qui ont paru intenter cette accuſation contre 
moi, & il y a connive. Je ne ſay pas $1] adopte entierement ce qu' ils 
ont publie; mais je conviens avec luy, que la malice de celuy qui intente 
une telle accuſation ſans la prouver, le rend coupable de calomnie. 
III finit a lettre en m'accuſant d' etre l'aggreſſeur, & Pay commence 
celle cy en prouvant le contraire. 11 ſera fort aisè de vuider ce point pre- 
liminaire. Il y a eu du meſentendu, mais ce n'eft pas ma faute; au 
reite je ſits. % f.. 8 F 
. Votre tres humble & tres obeiſſant ſerviteur, : 
| | ce 9 d'Avril 1716. | « LEIBNITZ. 
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Cam D. Leibnitius adduci non poſſet, ut vel Cammercis Epiſtolico reſponde- 
ret, wel probaret gue pro lubitn affirmabat, cumque præcedentes epiftolas in 
Galliam prius mitteret, quam earum teriiq in Angliam veniret, & pratenderet 
ſe bac facere, ut teſtes haberet, & alias etiam adbiberet conlumelias: Næutonus 
minime reſcripſit, ſed obſervationes ſequentes in epiſtolam illam tertiam ſcriptas, 


8 * 


cum amicis ſolummodo communicavit. 


Obſervations upon the preceding EP IST LE. | Fil i 


2 MR. LEIBNITZ, by his letter of the 2gth of December 1711, juſ- 
tified the paſſage in the Ha Eruditorum for January 1705, pag. 34 and 
35, and thereby made it his own, and now endeavours in vain to excuſe 

it, pretending that the words adhibet ſemperque adhibuit are maliciouſly in- 

terpreted by A word ſubſtituit. But in the interpretation which he would 
put upon the place, he omits the words igitur and quemadmodum; the firſt 
of which makes the words, ſemperque adhibuit, a conſequence of what went 
before, and the latter makes them equivalent to ſabſtituit; neither of which 
can be true, in the ſenſe which Mr. Leibnitz endeavours now to put upon 
the words. He has therefore accuſed me. In both his letters to Dr. Sloane 
he preſſed the Royal Society to condemn Dr. Keill ; and before I meddled 
in this matter, challenged me to declare my opinion. His words in his ſe- 
cond letter are: Itaque veſiræ equitati commitio, annon coercende ſint vane 
& injaſiæ [Keill] vociſerallones, guas ipſi Newtono vire inſigni, & geflorum 
optimè conſcis, improbari arbitror; ejuſque ſententiæ ſue libenter daturum in- 
dicia mibi per ſuadeo. The words are civil, but the ſenſe is, That I muſt 
either condemn Dr. Keill, or enter into a 1 with Mr. Leibnitz; as 


(that dated the 4th of March, and that dated the 2gth of December 1711) 


has happened: and therefore he is the aggreſſor. For it is very well known: | 


here, that I conſtantly endeavoured to avoid theſe diſputes, till they were 
preſſed upon the Royal Society and me ee ee 
In his letter of the 4th of March ſt. n. 1711, he preſſed the Royal So- 
eiety to condemn Dr. Keill, without hearing both parties; and when the 
Noctor put in his anſwer, Mr, Leibnitz refuſed to give his reaſons againſt 
the Doctor, and called it injuſtice to expect it from him, and yet perfiſted 
in preſlivg them againſt him, and thereby put them upon a neceſſity of 
appointing a committee to ſearch out old. papers, and give their opinion 
upon them. If they did it without him, it was his own fault: he was for 
 over-rulivg them, and called it injuſtice to expect that he ſhould defend his 
eandar, and plead before them. If they gave him no opportunity to ex- 
cept againſt any of the committee; it was becauſe he refuſed to be heard: 
and they had a ſufficient authority to appoint a committee without him, 
and he had na right to except againſt what they did for their own ſatisfac- 
tion. If they have not yet given judgment againſt him; it is becauſe the 
committee did not act as a jury, nor the Royal Society as a formal court 
of juſtice. The committee examined old letters and papers, and yy 
| | | | | clic 
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cheir opinion upon them alone, and left room for Mr. Leibnitz to produce 
further evidence for himſelf. And it is ſufficient that the Society ordered 
their report, with the papers upon which it was grounded, to be publiſh- 
ed; and that Mr. Leibnitz, in all the three years and four months which 
are ſince elapſed, has not been able to produce any further 3 agaimit 
Dr. Keill, than what was then before them. 

Mr. Leibnitz ſaith, That the letter which I call defindatory, being no 
ſharper than that which has been publiſhed againſt him, I have no reaſon 
to complain. But the ſharpneſs of, the letter lies in accuſations and re- 
flections, without any proof; which way of writing is unlawful and in- 
famous, and never uſed but in a bad cauſe. The 1 neſs of the Cam- 
mercium lies in facts, which are lawful and fit to be Pedal! The letter 
was publiſhed in a elaudeſtine, back-biting, manner (as defamatory papers 
uſe to be) without the name of the author, or mathematician, or printer, 


or city where it was printed; and was diſperſed above two years, before we 


were told that the mathematician was John Bernouilli ; the Commercium 


Was printed openly at London by order of the Royal Society. 


The mathematician to whom Mr. Leibnitz appealed from the Royal So- 
ciety, I called a mathematician, or pretended mathematician; not to diſ- 
parage the {kill of Mr. Bernoulli ; but becauſe the mathematician, in 
his letter of the 7th of June 167 3. cited Mr. Bernouilli as a perſon diſ- 
tinct from himſelf; and Mr. Leibnitz lately cauſed that letter to be re- 
printed without the citation; and tells us, that the mathematician was 


Mr. Bernouilli himſelſ: and whethes the mathematician.or Mr. Leibnitz 


is to be believed, I do not know. Mr. Bernouilli had the Differential 
Method from Mr. Leibnitz, and was the chief of his diſciples, and gave 
his opinion for his maſter in the A&2 Leipfica before he ſaw the Commer- 
cium Epiſiolicum ; at which time he was homo novus, & rerum anteattarum 


parum peritus, as Mr. Leibnitz objected againſt Dr. Keill; and what he 
wrote after he ſaw the Commercium was in his own defence, 125 his Tell 


in mathematicks will not mend the matter. 
He complains, that the committee had gone out of the way, in a fallin 


upon the Method of Series. But he ſhould conſider, that both methods 


are but two branches of one general method of Series: I joined them to- 


gether in my Analyſis; I interwove them in the tract which I wrote in 


the year 1671, asI ſaid in my letters of the 1oth of December 1672, and 
the 24th of October 1676. In my letter of the 13th of June 1676, I 
ſaid, that my method ef Series extended to almoſt all problems, but be- 
came not general without ſome other methods, meaning (as I ſaid in my 
next gh the method of Fluxions, and the method of arbitrary Series : 
and now to take thoſe other methods from me, is to reſtrain and ſtint 
«the method of Series, and make it ceaſe to be general. In my let- 
ter of the 24th of October 1676, I called all theſe methods together, 
my General Method. See pag. 547, lin. 20. And if Mr. Leibnitz 
has been tearing this general method in pieces, and taking from me 
firſt one part, and then another part, whereby the reſt is maimed, Bag 

as 


* 


/ 
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has given a juſt occaſion to the committee to conſider the whole. It is | 
alſo to be obſerved, that he is perpetually giving teſtimony for himſelf; and — 
it is allowed, in all courts of juſtice, to ſpeak to the credit of the witneſs. - || 
He repreſents, that the committee of the Royal Society have omitted [| 
things which made againſt me, and printed every thing which could be 
turned againſt him by ſtrained gloſſes; and to make this appear, he pro- 
duces in his laſt letter but one, an inſtance of my ignorance omitted by 
them; but confeſſes now, that he was miſtaken in ſaying that it was omit- 
ted, and faith that he will cite another inſtance. He ſaith, that in one 

of my letters to Mr. Collins, I owned that I could not find the ſecond 
Segments of Spheroids, and that the committee have omitted this. If 
they had omitted ſuch a paſſage, I think they would have done right, it 
being nothing to the purpoſe. But on the contrary Mr. Collins, in a let- 
ter to Mr. James Gregory the 24th of Decem. 1670, and in another to 
Mr. Bertet the 21ſt of Feb. 1671, both printed in the Commercium H piſto- 
licum, pag. 505, 507, wrote, that my method extended to ſecond Seg- 
ments of round Solids, And Mr. Oldenbourg wrote the ſame thing to 
Mr. Leibnitz himſelf the 8th of Decemb. 1674. See the Commercium 
Epiſtolicum, pag. 517. So you ſee that Mr. Leibnitz hath accuſed the 
committee of the Royal Society, without knowing the truth of his accu- 
ſation, and therefore is guilty of a miſdemeanour. The committee were 
ſo far from acting corruptly againſt Mr. Leibnitz, that they took no no- 
tice of his ignorance of geometry in thoſe days, and omitted ſeveral other 
things which made ſtrongly againſt him; ſuch as were the two letters in 
my cuſtody, and the paragraph in the preface to the two firſt volumes of 
Dr. Wallis's works relating to this matter; and that a copy of Gregory's 
letter of the 5th of Septemb. 1670, was ſent to Mr. Leibnitz in June 
1676, amongſt the extracts of Gregory's letters. ED 
The committee in their report affirmed, that they had extracted from 
the ancient letters, letter- books arid papers, what related to the matter re- 
ferred to them: all which extracts, delivered by them to the Society, they 
believed to be genuine and authenticx. Mr. Leibnitz accuſes them for not 
printing the letters entire, including as well what did not relate to the 
matter referred to them, as what did relate to it: as if it were not lawful 
to cite a paragraph out of a book, without citing the whole book. Thus 
he complains, that the Commercium Epiſtolicum ſhould have been much 
bigger. But when he is to anſwer it, he complains that it is too big, and 
would require an anſwer as big as itſelf. And ſo the ancient letters and 
papers muſt be laid aſide, and the queſtion muſt be run off into a ſquabble 
about philoſophy and other matters: and the great mathematician who, in 
his letter to Mr. Leibnitz, dated the 7th of June 1713, concealed his 
name, that he might paſs for an impartial judge ; muſt now pull off his 
maſk, and become a party-man in this ſquabble, and ſend a challenge by 
Mr. Leibnitz to the mathematicians in England: as if a duel, or perhaps 
a battle with his army of diſciples, were a fitter way to decide the truth, 


than an appeal to ancient and authentick writings ; and mathematicks 
Vol. IV. "of muit 
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muſt henceforward be filled with atchievements in knight-errantry; in · 
ſtead of reaſons and demonſtrations. oO on oo 
Mr. Leibnitz acknowledges, that when he was in London the ſecond 

time, he ſaw ſome of my letters in the hands of Mr. Collins, eſpecially 
thoſe relating to Series; and he has named two of them which he then 
ſaw, viz. that dated the 24th of October 1676, and that in which he pre- 
tends that I confefled my ignorance of ſecond Segments. And no doubt 
he would principally defire to ſee the letter which contained the chief of 
my Series, and partievlarly that which contained theſe two for finding the 
arc by the ſine, and the fine by the arc, with the demonſtration thereof, 
which a few months before he had defired Mr. Oldenbourg to procure from 
Mr. Collins; that is, the Hnalyfs per aquationes numero terminorum infinitas. 
But yet he tells us, that he never ſaw where I explained my method of 
Fluxions, and that he finds nothing of it in the Commercium Epiſlolicum, 
where that Aualyſis and my letters of the toth of Decemb. 1672, 1 3th 
of June 1676, and the 24th of Octob. 1676, are publiſhed. I ſuppoſe he 
means, becauſe he finds no pricked letters there. And by the ſame way 
of arguing, he and Mr. Bernouilli may pretend, that they find nothing of 
the methad of Fluxions in the introduction to the Book of Quadratures. - 
___ He faith alſo, that he never ſaw where I explain. the method claimed 
by me, in which he aſſumes an arbitrary Series. If he pleaſes to look in- 
to the Commercium Epiſtolicum, pag. 5 30 and 557, he will there ſee that 
I had that method in the year £676, and five years before. And Dr. Wal- 
lis, in the ſecond volume of his works, pag. 393, lin. 32, has told him, 
that this method needs no further explication, than what I there gave of it. 
Mr. Leibnitz might find it himſelf, but not ſo early; and ſecond inventors 
have no right. | „ 
He pretends, that in my book of Principles, pag. 253, 254, 1 allowed 
him the invention of the Calculus Differentialts, independently of my 
own ; and that to attribute this invention to myſelf, is contrary. to my 
knowledge there avowed. But in the paragraph there referred unto, I do 

not find one word to this purpoſe. On the contrary, I there repreſent, 
that I ſent notice of my method to Mr. Leibnitz, before he ſent notice of 
his method to me; and left him to make it appear, that he had found his 
method before the date of my letter; that is, eight months at the leaſt 
before the date of his own. And by referring to the letters, which paſſed 
between Mr. Leibnitz and me ten years before, I left the reader to conſult 
thoſe letters, and interpret the paragraph thereby. For by thoſe letters 

he would ſee, that I wrote a airy on that method, and the method of Se- 
r1es together, five years before the writing of thoſe letters; that is, in the 
year 1671. And theſe hints were as much as was proper in that ſhort pa- 
ragraph, it being beſides the deſign of that book to enter into diſputes 
about theſe matters. 17 C 5 
He ſaith, that when he was in London the firſt time, which was in Ja- 
nuary and February 1673, he knew nothing of Infinite Series, nor of the 
advanced geometry, nor was then acquainted with Mr. Collins, as 155 
| ave 
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Have maliciouſſy feigned. But who hath feigned this, or what need there 
was of feigning it, I do not know. At that time Dr. Pell gave him no- 
tice of Mercator's Series for the Hyperbola, and lio carried Mercator's book 
with him to Paris, though he did not yet underſtand the higher geometry. 
And any of thoſe to whom Mr. Collins had communicated mine and Gre- 
gory's Series, might give him notice of them, without his being acquaint- 
He faith, that after his coming from London to Paris, his firſt letters 
were of other matters than geometrical, till Mr. Huygens had inſtructed 
him in theſe things; and that he found the arithmetical quadrature of the 
circle towards the end of the year 1683, and began to write of it to Mr. 
Oldenbourg the next year, and found the general method by arbitrary Se- 
ries a little after, and the Differential Calculus in the year 1676, deducing 
it from the Series of numbers; and that in his letter of the 25th of Au- 
guſt 1676, by the words certd Analyf, he meant the Differential Analyſis. 
And am not I as good a witneſs, that I invented the methods of Series 
and Fluxions in the year 1665, and proved them in the year 1666: and 
that I ſtill have in my cuſtody ſeveral mathematical papers written in the 
years 1664, 1665, and 1666, ſome of which happen to be dated: and 
that in one of them, dated the 13th of Novemb. 1 665, the direct method 
of Fluxions is ſet: down in theſe words: A „ ine A en ei 
| ProB, An equation being given, expreſſing the relation of two or more lines, 
x, Y, 2, &c. deſcribed in the ſame time by two or more moving bodies, A, B, e, 
Gc. to find the relation of their velocities, p, g, r, e. 
. ResoLUTION. Set all the terms on one ſide of the equation, that they be- 


A „ Gy SM: Ow ig a / pt 1 32 dis 
come equal to nothing. Multiply each term by ſo many times 2 45 * bath ar 


menfions in that term. Secondly, Multiply each term by ſo many tines 7 as y 
hath dimenſions in it. Thirdly, Multiply each term by ſo many times — as 2 


hath dimenfions in it, Sc. The ſum of all theſe products ſhall be equal to no- 
thing. Which equation gives the relation of p, q, r, Sc. and that this re- 
ſolution is there illuſtrated with examples, and demonſtrated, and applied 
to problems about tangents, and the curvature of curves : and that in 
another paper dated the 16th of May 1666, a general method of reſolving 
problems by motion is ſet down in ſeven propoſitions, the laſt of which 
is the fame with the problem contained in the aforeſaid paper of the 13th 
of Novemb. 1665 : and that in a ſmall tract written in Novemb. 1666, 
the ſame ſeven propoſitions are ſet down again, and the ſeventh 1s 1m- 
proved by ſhewing how to proceed without ſticking at fractions or furds, 
or ſuch quantities as are now called Tranſcendent: and that an eighth 


%. 


, 


proproſition is here added, containing the Inverſe Method of Fluxions ſo 
far as I had then attained it; namely, by quadretures of curvilinear fi- 
gures, and particularly by the three rules upon which the Ana/y/is per A - 
quationes numero terminorum infinitas 1 founded, and by moſt of the theo- 

| 41 2 | rems 


rems ſet down! in A Scholiam | to che tenth propsGition- * the book of 
Quadratures: and that in this tract, When the area arifmg from any of 
the terms in the valor of the ordinate cannot be expreſſed by vulgar analy- 
ſis, 1 repreſent it by prefixing the ſymbol ¶] to the term; as if the 1 


be * and the ordinate ax — 54 the area Will be dare — | br + 12 8. 


and that in the fame tract 1 Comes uſed a letter with. one prick, for 
quantities involving firſt fluxions ; and the ſame letter with two pricks, for 
quantities involving ſecond fluxions: and that a larger tract, which 1 
wrote in the year 1671, and mentioned in my letter of the 24th of Oct. 
1676, was founded upon this ſmaller tract, and began with the reduction 
of finite quantities to- converging Series; and with the ſolution of theſe 
two problems: 1. Kclatione quantitatum fluentium inter ſe datd, fluxionum 
relationem determinare. 2. E xpofitd aquatione fluxiones quantitatum invol- 
vente, invenire relationem quantitatum inter ſe: and that when I wrote 
this tract, I had made my Analyſis, compoſed of the methods of Series 
and Fluxians together, ſo univerſal, as to reach to almoſt all forts of pro- 
blems ; as I mentioned in my letter of the 13th of June 1676: and that 
this is the method deſcribed in my letter of the 10th of Decemb. 1672. 

In the year 1684 Mr. Leibnitz publiſhed only the elements of the Cal- 


culus D#iferentialis, and applied them to queſtions about tangents, and 
Maxima & Minima, as Fermat and Gregory had done before; and thewed 


how to proceed in theſe queſtions without taking away ſurds, but proceed- 


ed not to the higher problems. The Principia Mathematica gave the firſt 


inſtances made publick of applying this, Calculus to the higher problems; 


and I underſtood Mr. Leibnitz in this ſenſe in what I ſaid concerning the 


Atta Eruditorum for May 1700, pag. 206, But Mr. Leibnitz obſerves, 
that what was there ſaid by him, relates only to a particular artifice de 
Maximis & Minimis, with which he there allowed that I was acquainted, 
when I gave the figure of my veſſel in my Principles. But this artifice 
depending upon the Differential Method as an improvement thereof, and 
being the artifice by which they ſolved the problems, which they value 
themſelves moſt upon, thoſe of the Linea celerrimi Deſcenſils, and the Li- 
nea Catenaria and Velaria, and which Mr. Leibnitz there calls a Method 
of the Higheſt Moment, and greateſt Extent ; I content myſelf with his 
acknowledgment, that I was the firſt who proved, by a fpecimen made 
publick, that I had this artifice. 

In the year 1689 Mr. Leibnitz publiſhed the ls propoſitions of 
this book as his own, in three papers, called, Epiſtola de Liners Opticis, 
Schediafma de refiftentid Medii, & Motu proje&ilium gravium in Medio reſiſente, 
& Tentamen de Motuum Cœleſtium Caufis ; pretending that he had found 
them all, before that book came abroad. And to make the principal pro- 
poſition his own, he adapted to it an erroneous demonſtration ; and there- 
by diſcovered, that he did not yet underſtand, how to work in ſecond dif- 
ferences. And this was the — ſpecimen made publick, of applying. 

the 
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the method to the higher problems. Hitherto this method made no noiſe, 
but within à year or two began to be celebrate. 
Dr. Barrow printed his Differential Method of Tangents in the year 
1670. Mr. Gregory from this method, compared with His own, deduced 

a aps method of tangents without calculation ; and by his letter of the 
Sch 


of September 1670, gave notice thereof to Mr. Collins. Sluſius, in 


November 1672, gave notice of the like method to Mr. Oldenbourg. In 
my letter of the roth of December 1672, I ſent the hke' method to Mr. 
Collins; and added; that I mentiofied it to Dr. Barrow, when he was print- 
ing his lectures; and that I took the methods of Gregory and Sluſius to 
be the ſame with mine; and that it was but a branch or corollary of a ge- 
neral method, which without any troubleſome calculation extended not 


only to tangepts, but alſo to other abſtruſer ſorts of problems concerning 
the crookedneſs, areas, lengths, centers of gravity of curves, &c. and did 


all this, even without freeing equations from ſurds; and 1 added, that I 
had mterwoven this method with that of infinite Series; meaning, in the 
tract which I wrote in the year 1671. Copies of theſe two letters were 
ſent to Mr. Leibnitz by Mr. Oldenbourg, in the extracts of Gregory's let- 


ters, in June 1676; and Mr. Leibnitz, in his letter of the 21ſt of June 
1677, ſent nothing more back, than what he had notice of by theſe two 


letters; namely, Dr. Barrow's Differential Method of Tangents, diſguiſed 
by a new notation, and extended to the Method of Tangents of. Gregory 


and Sluſius, and to equations involving ſurds, and to quadratures. But 
this is not the caſe between me and Dr. Barrow. He ſaw my tract of 
Analyfis in the year 1699, and was pleaſed with it. And before his lec- 


tures came abroad, I had deduced the method of Tangents of Gregory 
and Sluſius from my — method. But Mr. Leibnitz in thoſe days 
knew nothing of the higher Geometry, nor was he acquainted with the 
__r g e 


In his letter of the 27th of Auguſt 1676, he wrote thus: uod dicere 
videmini pleraſque difficultates ſexceptis problematibus Diophantæis ad ſeries 
infinitas reduci; id mihi non videtur. Sunt enim multa uſque adeo mira & im- 
PlwKuVra, ut neque ab æquationibus pendeant, neque ex quadraturis. Qualia ſunt, . 
ex multis alits, problemata methodi tangentium inverſcc. And when 1 an- 
ſwered, that ſuch problems were in my power, he replied, in his letter of 
the 21ſt of June 1676, that he conceived that J meant by Infinite Series, 
but he meant by Vulgar Equations. See the anſwer to this in the Com- 


mercium Epiſtolecum, pag. 562. 


He faith, that one may judge, that when he wrote his letter of the 


27th of Auguſt 1676, he had ſome entrance into the Differential Calcu- 


las; becauſe he faid there, that he had ſolved the problem of Beaune certd 
Analyſi, by a certain analyſis. But what if that problem may be ſolved 
crrid Analyſi without the differential method? For no further analyfis is 
requiſite than this; that the ordinate of the curve deſired inereaſes or de- 
. creaſes in geometrical progreſhon, when the abſcifla increaſes in arithme- 


tical ; and therefore the abſciſſa and ordinate have the ſame relation to one 


another. 
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another, as the logarithm and its number. And to infer from dle hat 
Mr. Leibnitz had entrance into the Differential Method; is as 1172 one 
ſnould ſay, that Archimedes had entrance inte it, becauſe he drew tan- 
gents to the ſpiral, ſquared the parabola, and found. the proportion between 
the ſphere and the cylinder; or that Cavallerius, Fermat and Oe 2 
entrance into it, becauſe _ did "many more things of: this kind.” 


P. 8. When the committee of the Royal Society publiſhed the Go. 
cium Epiſtolicum, the letters and papers in my cuſtody were not produced. 
Among them were the following letter of Mr. Leibnitz, dated 47; of 
March 1693, and a letter of Dr. Wallis's, dated the 10th of April 10% 5 
both which, upon a freſh occaſion two years ago, were produced, exa- 
mined, and left in the archives of the Royal Society. The firſt ſhews 
what opinion Mr. Leibnitz had of this matter, before he knew my ſym- 
bols, or any thing more of the method of Flurions, than what be learnt 
from my letters and papers writ in or before the year 1676, or from the 


Principia Philoſop biæ Mathematica, and by — before I could de- 


ceive him; and that he then gave me the noi The ſecond, com- 
pared with the preface to the Doctor's works, ſhews what opinion the 
Engliſh. —— and ſome others abroad, had of this matter, 
when they heard that the Differential Method began to be celebrated in 
Holland, as invented by Mr. Leibnitz. The firſt of tele two renee and 
_ of the n are hereunto i In | | 


* Iluſtri Viro ISAACO- NEWTONO. 
0 GODEFRIDUS GULIELMUS LEIBNITIUS, 8. P. D. 


* QUAN TUM tibi ſcientiam rerum mathematicarum totiuſque natu- 
ræ debere arbitrer, occaſione-data, etiam publicè ſum profeſſus. Miri- 
* fice ampliaveras geometriam tuis ſeriebus: ſed, edito Principiorum opere, 


aoſtendiſti patere tibi, etiam quæ analyſi receptæ non ſubſunt. Conatus 


ſum ego quoque, notis commodis adhibitis, que differentias & ſummas 
« exhibent, geometriam illam, quam tranſcendentem appello, analyſi quo- 
* dammodo ſubjicere; nec res male proceſſit. Sed a te adhuc magni ali- 
quod expecto ad ſummam manum imponendam ; tum ut problemata, 
«* quz ex dati tangentium proprietate quærunt lineas, reducantur optime 
* ad quadraturas ; tum ut quadraturæ ipſæ, quod valde vellem, reducantur 
ad Curvarum rectificationes, ubique ſuperficierum, aut corporum dimenſio- 
nibus ſimpliciores. | 
* Sed ſuper omnia optem, ut geometricis abſolutie, naturam, uti ca 
piſti, mathematice tractare pergas; in quo genere certè tu unus cum pau- 
ciſſimis ingens operæ pretium feciſti. Marificum eſt, quod inveniſti, el- 
lipſes Keplerianas prodire, ſi tantummodo attraQtio, ſive gravitatio, & 
trajectio in planeta concipiantur. Tametſi enim eò inclinem, ut credam 
hc omnia Fluidi ambientis motu fave effici, five regi, aualogia gravitatis 
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& magnetiſmi apud nos, nihil tamen ea res gon & veritati inventi 
tui detraxerit. F | 


# 
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e tavit, 
dubito; & ſententiam viciſſim tuam velim. Veſtra enim amieũ collatione 
6 a qui in hoc genere eminetis, erui veritas poteſt. 
Cum verò maximum tu quoque lumen ipſi Dioptricæ intuleris, expli- 
catis colorum phænomenis nexpectatis, velim quid ſentias de Huygeniana 
explicatione radiationis, utique ingenioſiſſimà, cum feliciter adeo prodeat 


lex ſinuum. Significavit mihi Huygenius, neſcio quæ nova phænomena 


fixos vocant, ex apparentibus deduei poſſit; ſeu ut oſtendatur ratio effi- 
ciendi per refractiones, ut tota aliqua ſuperficies certum colorem oſtendat. 
In librorum apud Anglos editorum indicibus occurrere mihi aliquoties li- 
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an ab alio homonymo. 


Heinſius noſter redux teſtis fair benevolent erga me tue. De cults. 
vero meo erga te, non ille tantum teſtari poteſt, ſed & Stepneius, te- 
cum ejuſdem olim Collegii habitator, nunc. magnæ Britanniæ Regis ne- 
gotia apud Cæſarem, nuper apud Sereniſſimum Electorem ne 


®@ K 


cum, curans. 

Heæc ſcribe, magis ut ſtudia erga te mea intelligas, quæ nihil tot anno- 
rum filentio amiſere, quam ut tua ego ſtudia, quibus auges humani ge- 
© neris opes, ne #5 velim vacuis Iiteris & fu 

bam Hannoveræ 7 Martu 1693.” 


Part of 4 a Letter of Dr. WALLIS'S to Mr. NEWTON, dated from 


Oxford, April 10, 1695. 
<1 WISH you would print the two large letters of June and October 


: 1676. I had intimation from Holland, as deſired there by your friends, 
that ſomewhat of that kind were done; becauſe your notions of Fluxions 


« paſs there with great applauſe by the name of Leibnitz's Calculus Diffe- 


« rentialis, I had this intifnation, when all but part of the preface to this 


volume was printed off; ſo that I could only inſert, while the preſs ſtay- 


ed, that ſhort intimation thereof, which you find there. You are not 
« ſo kind to your reputation, and that of the nation, as you might be, 


when you let things of worth lie by you ſo long, till others carry away 
the reputation which is due to you. I have endeavoured to do you juſ- 


A M K #«þA 


verbatim.” 


» 


The intimation above-mentioned publiſhed 3 in Apr 5 5 by 
Dr. WALLIS in his faid Preface. 


QU A. in ſecundo volumine habentur, in præfatione eidem preefixa di- 
citur. Ubi inter alia habetur Newtoni ers de Fluxionibus, ut ille 
loquitur, conſimilis nature cum Leibnitii, ut hic loquitur, Ca/culo Diffe-- 

4 | rentiali > 


Quæ ſummus & ipſe Lthdraticus Chaifiidaus Hoygenius ir in tua no- 
appendice libelli de cauſa luminis & gravitatis, expenſa tibi non 


colorum fibi a te communicata. Ego valde optem ut ratio colorum, quos 


bri mathematici autore Newtono ; fed dubitavi a te on, quod vellem, 


pervacuis. Vale. Da- 


tice in that; and am now ſorry, that I did not e thoſe two letters 
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Cæterum ipſe Newtonus — ſummæ reciprocum. V7 


N DDA Ne 


rentiali; quod qui utramque methodum contulerit, ſatis animadvertat, utut 
ſub loquendi formulis diverſis: quam ego deſcripſi, Algebra, Cap. xcr. &c. 
præſertim Cap. xcv. ex binis Newtoni literis, aut earum alteris, Junii 
13, & Octob. 24, 1676, ad Oldenburgium datis, cum Leibnitio tum com- 
municandis, iiſdem ferè verbis, ſaltem leviter mutatis, que in illis literis 
habentur; ubi methodum hanc Leibnitio exponit, tum ante decem an- 
nos, nedum plures, ab ipſo excogitatam. Quod moneo, nequis cauſetur, 


de hoc Calculo Differentiali nihil a nobis dictum eſſe. 


Out of the account given of the works of Dr. WALLIS in the Acta 


Eruditorum for June 1696. Pag. 257, 258. 


de ſupra, p. 568, 
lin. 16—29. TO | 


N. B. IN my letters of the 13th of June and the 24th of October 
1676, I affirmed, that T had the method of Fluxions ſome years before ; 
but I never allowed that Mr. Leibnitz had the Differential Method before 
the year 1677; nor in thoſe days did I know more of his pretences to it, 
than what he repreſented that year in his letter of the 21ſt of June; nor 


did I allow the Method of Tranſmutations to be a general method of Se- 


ries; nor then knew, that the Series, which he ſent to me, was ſent to him 
by Mr. Oldenbourg the year before, and invented by Mr. James Gregory 
in the year 1671. The Method of Tranſmutations is not a Method of 
Series, but a particular theorem for tranſmutations of figures into one an- 
other, like thoſe of Gregory and Barrow. And as for the ſcholium upon 


the ſecond lemma of the ſecond book of the Principia Philaſophiæ Mathe- 


matica, which is ſo much wreſted againſt me; it was written, not to give 
away that lemma to Mr. Leibnitz, but on the contrary to aſſert it to my- 


ſelf. Whether Mr. Leibnitz invented it after me, or had it from me, is a 


queſtion of no conſequence; for ſecond inventors have no right. 
Dr. Wallis, by his letter of Decemb. 1, 1696, printed in the third vo- 


lume of his works, gave notice to Mr. Leibnitz of the paragraph in his 


preface to the firſt volume above cited. And Mr. Leibnitz denied not that 


in the year 1676, I explained to him the method found by me ten years 


before or above, nor complained of the Doctor for ſaying this: De ſe au- 
tem queri, ſaith he in his letter of the 29th of March 1697, nunquam mibi 
in mentem veni!; quem facile apparet noftra, in Actis Lipfienſibus prodita, non 
ſatis vidiſe. He allowed, that the methods were of like nature as the Doc- 


tor had affirmed ; and faid, in his letter of the 28th of May 1697, that 


he therefore called them both by the common name of the Infinitefimal 
Method ; but added, that as the Analyſis of Vieta and Cartes were both 
called by the @MmMon name of Anolyſis Specroſa, and yet differed in ſome _ 
things, ſo my Tanfinzefimal Analyſis and his might differ in ſome things; 
meaning ſome improvements made by him to this method; and excuſed 
the Doctor for not mentioning theſe improvements, becauſe he had not 
ſufficiently ſeen them in the Ada Lipſies ſia; and declared that it never 
came into his mind to complain of him for any thing elſe, 


And 


COMMERCII,EPISTOLICT. | 
And yet although Cartes never laid claim to the Analyſis Specioſa of 
Vieta, Mr. Leibnitz continued amongſt his friends to call the Infiniteſimal 


Method his own, and thereby gave occaſion to Mr. Fatio to write what 
follows : 1 9 "ES 


Out of the tract of Mr. NICHOLAS FATIO' DE DUILLIER, 
iutituled, Inveſtigatio Geometrica Solidi rotundi, in quod minima fiat 
reſiſtentia, publiſhed in the year 1699. | 


RET forſan Cl. Leibnitius, unde mihi cognitus fit iſte calcu— 
Jus, quo utor. Ejus equidem fundamenta, ac pleraſque regulas, proprio 
Marte, anno 1687, circa menſem Aprilem & ſequentes, aluſque dein- 
ceps annis, invent ; quo tempore neminem eo calculi genere præter me- 


eſſet Leibnitius. Allis igitur glorietur diſcipulis, me certè non poteſt. 
Quod ſatis patebit, ſi olim literæ, quæ inter clariſſimum Hugenium me- 
que interceſſerunt, publici juris fiant. Newtonum tamen primum ac 
pluribus annis vetuſtiſſimum hujus calculi inventorem, ipſa rerum evi- 
dentia coactus agnoſco: à quo utrum quicquam mutuatus fit Leibnitius, 
ſecundus ejus inventor, malo eorum quam meum fit judicium, quibus 
viſæ fuerint Newtoni literæ, aliique ejuſdem manuſeripti codices. Ne- 
* que modeſtioris Newtoni filentium, aut prona Leibnitu ſedulitas inven- 
tionem hujus calculi ſibi paſſim tribuentis, ullis imponet, qui ea per- 
« traQtarint, quæ ipſe evolvi, inſtrumenta.“ 


K aA K K aA «a „ «„ 


N. B. Mr. Fatio wrote this as a witneſs. He related what he had ſeen; 
and his teſtimony is the ſtronger, becauſe it was againſt himſelf, and he 
was no Engliſhman. He underſtood the methods of us all, and by what 
he had ſeen and underſtood, he was able to make a true judgment. 


FINIS TOMI QUARTI. 


Vol. IV. ; cn 


ipſum, uti putabam. Nec mihi minus cognitus foret, fi nondum natus 
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Pag. 270, lin. penult. pro adhereus, lege adhærens. 

P. 251, lin. 5, pro interior, lege anterior. 

P. 279, lin. 7, for CHC and CBbe, read Chac, 

P. — lin. 16, for AC, read Ac. 

P. 280, lin. 23, for F, G, read FG, 

P. 507, lin. 23, pro 1992, lege 1672. 

P. 530, Ad initium lineæ 23 in ora libri ſcribatur N? E. 

P. 544, Ad initium line» prime in or libri ſeribatur No LVII. 


IN NOT IS. 


P. 264, lin. 4, pro Nonchidarum, lege Noachidarum. 
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